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For more than one hundred years investigators have worked on the effect 
of light upon growth and development of plants. Much of this early work, 
reviewed by MacDovaau (6), was qualitative only, but it was established 
by this work that variation in quantity and quality of light could bring 
about pronounced morphological and physiological changes in plants. Work 
in this field since 1900, reviewed by BuRKHOLDER (2), has tended in the 
direction of better measurement and control of both the quality and quantity 
of light and toward separation of the morphological and physiological effects 
of light. For such studies light of so low intensity that photosynthesis is 
negligible is desirable. 

This paper is one of a series from this laboratory on the effects of low 
light intensity on plant growth. The first paper in this series was presented 
by WiTHrow (9), who found that 100 ergs per square centimeter per second 
of yellow-green light induced the greatest morphological response in kidney 
bean seedlings. He found the least effect to be produced by blue and near 
infra-red light. WitTHrow found that in the absence of radiation the major 
portion of the reserve material translocated from the cotyledons remained in 
the vicinity of the cotyledons, in the hypocotyls and in the first internodes, 
and that radiation in the red and yellow end of the spectrum increased the 
amount of translocation and a larger proportion of the translocated material 
was moved to the epicotyls and roots. He concluded that this effect was not 
directly related to chlorophyl! synthesis. 

The second paper in this series was presented by Brepet (1) and was a 
study of the effect of radiation of wavelength longer than 5850 A upon the 
development of kidney bean seedlings. He found that the morphological 
effect of radiation is dependent upon the intensity of radiation, with the 
effect decreasing at a decreasing rate with increase in intensity of incident 
radiation, and that morphological response varied according to the manner 
in which the energy of radiation is increased. Btesex also found that the 

1 Third of a series supported by the Dr. WALLACE C. and CLARA A. ABBOTT MEMORIAL 
Funp of the University of Chicago. 
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Qio of the response is about one, and that albino maize seedlings gave the 
same response as normal seedlings. 


Methods 

The present paper presents the first part of an investigation into the 
physiological response of green plants to low intensity radiation and is an 
investigation of the effects of different regions of the visible spectrum upon 
chloroplast pigment development. Low light intensity, of the order of 300 
ergs per square centimeter per second, was used so that light would be the 
limiting factor in growth and development of the plant. Hence it was neces- 
sary to use a plant with a large supply of reserve food in the seed, and for 
convenience in analysis it was desirable that the plant used develop rapidly 
and that the seedlings be rather large. Further, in order that the results of 
this investigation be comparable to the results of the two previous papers in 
this series the same plant should be used. For these reasons the red kidney 
bean, Phaseolus vulgaris, was selected as the test plant. 

To determine the spectral regions of greatest interest for this study the 
light absorption of leaves of plants grown in the greenhouse was determined. 
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Fie. 1. Light absorption, in percentage, plotted against wavelength in millimicrons, 
of trifoliate bean leaves. 


The first trifoliate leaves, approximately three-quarters full size, were re- 
moved from five bean plants grown in soil in the greenhouse during the latter 
part of September, a period of fair light intensity, 2,000 to 3,000 foot candles 
at noon. The light absorption of each of the leaves was determined at inter- 
vals of 100 A from 4300 to 7000 A, using a Keuffel and Esser spectropho- 
tometer, the results averaged, and plotted (fig. 1). The variation in light 
absorption of any leaf from the average was small and within the limits of 
error of the apparatus used. Two regions of maximum absorption were 
noted, one in the blue end of the spectrum centered at 4900 A, and one in the 
red end centered at 6700 A. A well marked minimum was noted, centered 
approximately at 5500 A. Light absorption amounted to approximately 
90 per cent. in the regions of maximum absorption, and to approximately 60 
per cent, in the region of minimum absorption. 

For the purpose of this work it was considered desirable to isolate rela- 
tively narrow spectral regions centered, as nearly as possible, in the regions 
of maximum and of minimum absorption of the leaves. An investigation 
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was made of light sources and it was decided to use bright line sources having 
one, or several, bright lines in the desired regions. An inclosed are mereury 
are lamp, manufactured by the General Electric Company, proved suitable 
for the blue and green regions, with bright lines at 4358 and 5461 A. A 
neon-gas-filled, low-pressure-discharge lamp, made in the form of a flat 
spiral and excited by a 7,000-volt transformer was used as a source of red 
light. This lamp was made to order by a neon sign manufacturing company. 

Both the mercury are lamps and the neon lamp had bright line emission 
spectra in regions other than that desired and the mercury lamps had in 
addition a continuous spectrum ; it was thus necessary to combine the light 
source with a light filter to produce approximately monochromatic illumi- 
nation. Commercial light filters in the required size, 20 x 20 inches, and 
with the required light absorption characteristics were found to be not avail- 
able, or very expensive. 

The best solution of the filter problem.seemed to be the use of dyed 
gelatin filters. A paper by Hnatex (4) and one by WirHrow (10) pro- 
vided information on the construction and use of such filters. It was neces- 
sary, however, to make a spectrophotometric examination of a number of 
organic dyes to find some with light absorption characteristics suitable for 
construction of the desired filters. A number of red, orange, yellow and 
purple dyes were found which could be used to locate the short-wave absorp- 
tion limits of gelatin filters in nearly any desired region of the visible spec- 
trum. Very few dyes were found which combined high absorption for red 
and high transmission for blue or green light. Fortunately two dyes, Fast 
Turquoise Blue 8 GL and Napthol Green, were found to absorb red light and, 
in combination with other dyes, permitted construction of the desired filters. 

Construction of the filters was simple after selection of the proper dyes. 
A sheet of double strength, first quality window glass twenty inches square 
was washed with soap and water, rinsed with distilled water, and carefully 
leveled in a room reasonably free from dust and drafts. Thirty grams of 
gelatin and ten grams of sorbitol, added as a plasticizer at the suggestion of 
Witnrow (10), were added to 250 inl. of water in a 600-ml. beaker. This 
solution was melted on a water bath and the required amount of dye dis- 
solved in 250 ml. of water was added with careful stirring, to avoid air 
bubbles as much as possible. After cooling to slightly below 60° C., the solu- 
tion of 500-ml. total volume was poured onto the sheet of glass. The gelatin- 
dye solution was carefully spread with a stirring rod and any air bubbles 
were broken by touching with the finger, if necessary moistened with alcohol. 
No diffieulty was experienced with the solution running off the glass if it was 
clean and level and if the solution was below 60° C. The filters were allowed 
to stand at room temperature until the film was hard and dry, and were then 
durable and permanent. 

To isolate the 4358 A line of the mereury are 1.0 gm. of Fast Turquoise 
Blue 8 GL and 0.25 gm. of Methyl Violet 4B were dissolved in 250 ml. of 
water and added to the gelatin solution as deseribed above. The 5461 A line 
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was isolated with 1.0 gm. of Light Green SF, 1.25 gm. of Napthol Yellow, and 
0.25 gm. of Napthol Green dissolved in 250 ml. water and added to the gela- 
tin solution. Two separate filters were necessary for isolation of the 6700 A 
region of the neon lamp. One filter contained 0.50 gm. of Methyl Violet, the 
other contained 0.375 gm. of Basic Fuchsin plus 1.00 gm. of Orange G. Two 
filters were necessary as precipitation occurred if all three dyes were mixed 
solution. 

A primary filter consisting of ten centimeters of distilled water provided 
with a cooling coil through which tap water was circulated was used between 
the light sources and the gelatin filters. 

The effectiveness of the filter systems was determined by assembling the 
light-souree-filter sytem in position one meter above the seed bed and oper- 
ating it continuously for seven days. The radiation was then examined 
visually with a Bausch and Lomb constant deviation spectyometer for the 
presence of radiation other than that from the desired bright line, and espe- 
cially for the presence of other bright lines. For the systems used no evi- 


TABLE I 


RADIATION CHARACTERISTICS OF TEST PLOTS 





TIME OF 
LIGHT SOURCE WAVELENGTH INTENSITY ILLUMINA- 
TION 





A ergs/sq. cm/sec hr. 
Hg are, 400-watt 4358 360 16.6 
Hg are, 250-watt 5461 300 16.0 
Neon tube 6678, 6717 240 16.3 
6598 














Dark 
Incandescent lamp 





4000 to 7000 


300 





dence of radiation other than that desired was found. The absence of ultra- 
violet radiation was checked by observing a 0.1 per cent. solution of quinine 
sulphate for fluorescence. 

The intensity of the radiation was measured with a thermopile and galva- 
nometer circuit similar to that used by Burns (3). In operation the voltage 
of the thermopile was balanced to zero by a bucking voltage generated by 
current flowing through a resistance common to both cireuits. The bucking 
voltage was adjusted by suitable resistances and the current measured on a 
0-30 microammeter with multiplying shunts. At balance the voltage from 
the thermopile was equal to the IR drop in the common resistance. With a 
common resistance of the order of one-tenth ohm this circuit proved to be 
well adapted to measuring low intensity radiation. The thermopile-galva- 
nometer circuit was calibrated against a standard lamp from the National 
Bureau of Standards, in ergs per square centimeter, and the response was 
linear over the range used. 

Radiation incident upon the seed bed of each plot was adjusted to as near 
equal quanta intensity as possible by varying the density of the filters. 
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Slight differences from the desired intensity were corrected by varying the 
time of illumination so that in each 24-hour period each plot received equal 
quanta of energy. 

Five plots were used for growing the plants with the radiation character- 
isties given in table I. 

One hundred seeds were planted in each plot (except number five) in a 
gravel bed 20 x 20 x 4 inches, saturated with tap water by a subirrigation 
system once every 48 hours. Plot number five, used for pigment comparison 
only, was planted with fifty seeds in sand and watered manually. 


Results 


Three weeks after planting the seedlings were harvested. Eighty plants 
were collected from each plot, those showing abnormal growth or develop- 
ment were discarded. At this time the cotyledons were shriveled but were 
still attached to the stem. The seedling lengths averaged 35.7 em. in plot 
number one, 36.4 in two, 32.5 in three, and 41.3 em. in plot number four. 
The leaves were removed, weighed, an aliquot taken for dry weight determi- 
nation, and the pigments extracted from the remainder by the method of 
Scuertz (7). The chlorophyll, carotene, and carotenol content of the leaves 
in terms of milligrams of pigment per gram fresh weight of leaf tissue was 
determined by the method of Loomis and Suuutt (5). These data are pre- 
sented in table IT. 











TABLE II 
MILLIGRAMS PIGMENT PER GRAM FRESH WEIGHT LEAF TISSUE 
RADIATION PLoT CHLOROPHYLL CAROTENE CAROTENOL 
mg. mg. mg. 
AIS aPah WAESaPOR 1 0.177 0.019 0.098 
A Ns 2 0.723 0.040 0.103 
Sea SA 3 0.532 0.016 0.175 
a 4 0.008 0.021 0.176 
SER aR NREL ae ee 5 1.045 0.048 0.320 

















The total weight of leaves developed by 80 plants varied from 10.0 to 
22.7 gm. in different plots. The total pigment produced per plot by eighty 
plants has been calculated and presented in table III to show the effects of 
radiation on pigment development per plant. 

















TABLE III 
TOTAL PIGMENT, IN MILLIGRAMS, AND LEAF WEIGHT IN GRAMS 
LEAVES | 
PLOT —— CHLOROPHYLL CAROTENE CAROTENOL 
WET WT. DRY wT. 
gm. gm. mg. mg. mg. 
1 16.20 2.62 2.86 0.312 1.58 
2 15.82 2.82 11.42 0.638 1.63 
3 22.70 3.14 12.05 0.363 3.96 
4 10.0 1.34 0.08 0.210 1.76 
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As the molecular ratios of the pigments have more physiological signifi- 
eance than the weight ratios, the molecular ratios are presented in table IV. 


TABLE IV 


MOLECULAR RATIOS OF CHLOROPLAST PIGMENTS PER PLOT 





CHLOROPHYLL/ CHLOROPHYLL/ CAROTENOL/ 
CAROTENE CAROTENOL CAROTENE 





5.5 (1) Dee 4.8 (2) 
10.7 (2) 24 a) 
7.9 (3) 




















Assuming, from WILLSTATTER and Strout (8), that the molecular ratio of 
chlorophyll a to b is 3/1, a semi-quantitative examination of the chlorophyll 
extracts indicated that this ratio is approximately correct for the plants 
used, the mean molecular weight of chlorophyll is 895.5. The molecular 
weight of carotene is 536 and that of carotenol is 568. The mol ratio of 
chlorophyll/carotene is then 536 x weight of chlorophyll divided by 895.5 
x weight of carotene ; that of chlorophyll/carotenol is 568 x weight of chloro- 
phyll divided by 895.5 x weight of carotenol; and that of carotenol/carotene 
is 536 x weight of carotenol divided by 568 x weight of carotene. 

The initial dry weights of the seeds of the eighty plants harvested; the 
dry weight minus the seed coat weight ; the wet and dry weights of the har- 
vested plants; the ratio, in percentage, of dry to wet weight; the loss in dry 
weight; and the percentage loss in dry weight are given for each plot in 
table V. 

TABLE V 


WET AND DRY WEIGHTS, IN GRAMS, OF SEEDS AND OF HARVESTED PLANTS 





SEEDS HARVESTED PLANTS 








MINUS 


Dry wr. SEED COAT 


WET WT. Dry wt. | Dry/WET 








gm. gm. Jo 
37.3 33.7 244.8 12.8 5.24 
37.7 34.3 233.8 | 12.1 5.19 


37.9 34.5 214.6 11.6 5.42 
37.4 33.7 274.2 | 12.0 | 4.38 


A — 
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Table VI shows the effect of the radiation used on development of the 
plant. The dry weight ratios, in percentages, of the plant organs to the 
whole plant, and the top/root ratios are given in table VII. 


Discussion 


It is evident, from tables VI and VII, that a maximum movement of 
reserve materials from the cotyledons and hypocotyls occurred in the plants 
grown in red light and that relatively more of the translocated material 
moved to the roots in these plants. Plants grown in blue light had less tota! 
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TABLE VI 
EFFECT OF RADIATION ON DEVELOPMENT OF PLANTS 
PLOT 
PLANT PART RESULTS 1 2 3 4 

BLUE GREEN RED DARK 

Wet wt. (gm.) 37.0 30.8 36.4 24.4 

Dry wt. (gm.) 1.9 2.0 2.0 1.1 

Roots Dry/wet (%) 5.1 6.5 5.5 4.5 
x 8.6 6.9 7.5 6.2 
Length = 1.57 1.53 1.36 1.17 

- [en fh = a a r aE =o 

Wet wt. (gm.) 136.8 128.8 111.8 169.7 

: . Dry wt. (gm.) 6.7 6.2 5.9 7.4 
Hypocotyls including Dry/wet (%) 4.9 4.8 5.3 44 
iyenene ¥ 29.2 20.8 18.5 26.3 
Length — 2.46 2.89 2.94 3.53 

Wet wt. (gm.) 71.0 74.2 66.4 80.2 

Dry wt. (gm.) 4.2 3.9 3.7 3.5 

Epicotyls Dry/wet (%) 5.9 5.3 5.6 4.4 
¥ 13.6 15.8 14.0 15.0 

Length — 1.46 1.96 1.76 3.07 














translocation of material from the hypocotyls and cotyledons, and less ma- 
terial translocated to the roots than the plants grown in the red plot, while 
plants grown in the green plot were intermediate between the red and blue 
plots with respect to translocation of reserve material. In the absence of 
light the greater portion of the reserve material remained in the region of 
the hypocotyls and cotyledons and the roots received less material than in 
any of the irradiated plots. These results are in good agreement with those 
of WiTrHRow (9). 

The effect of the radiation used upon respiration is evident from table V. 
The maximum loss of weight occurred in plants grown in red light and the 
minimum loss of weight in plants grown in blue light, while the loss of weight 
by the plants grown in green light was approximately equal to the loss in 
weight of the plants grown in darkness. The extent to which respiratory 
stimulation by light was compensated by photosynthesis is unknown, but it 
may be noted that plot number one, irradiated with blue light, contained 
approximately one-fourth the amount of chlorophyll as plots two and three 
(table IIT) but had the least loss in weight. Light absorption was also at a 


TABLE VII 


PERCENTAGE DRY WEIGHT AND TOP/ROOT RATIOS 








FREEN RED DARK 
Root (%) .. 16.5 17.2 9.16 
Hypocotyl* (%) occs0.n 51.2 50.8 61.7 
Epacoty] (9%) ncccecceccseceoneen 32.2 31.9 29.2 
Top/Root (ratio 5.05 4.81 9.93 








* Plus cotyledons. 
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minimum in this plot as the leaves were small and undeveloped; it may be 
mentioned also that light absorption by the carotenoid pigments is very 
strong in this region of the spectrum. These data indicate that the efficiency 
of photosynthesis is much greater at 4358 A than at 5461 or at 6700 A, or 
that respiratory stimulation is much less at the shorter wavelengths of radi- 
ation. Work was in progress to measure the photosynthetic and respiratory 
effect in these plots, using normal and albino maize plants, but was inter- 
rupted early in 1942. 

The effect of the radiation used upon pigment development is evident 
from tablesII and III. As might be expected, the entire spectrum (table II, 
plot 5) proved most effective in development of the greatest amounts of 
chloroplast pigments, on a fresh weight of leaf tissue basis. Plants grown 
in green light contained approximately } as much chlorophyll as those grown 
in the total spectrum ; those in red light about 4 as much; and those grown 
in blue light approximately 4 the chlorophyll content of those grown in the 
complete spectrum. The small amount of chlorophyl! found in plants grown 
in darkness apparently developed during collection, manipulation, and ex- 
traction as a second set of plants grown in the dark and collected and 
extracted with a minimum of light exposure contained no chlorophyll. The 
maximum carotene content was found in plants grown in the total visible 
spectrum ; about ¢ this amount in plants grown in green light; about 4 this 
amount in plants grown in red light ; and nearly an equal amount, about 4 of 
that developed in the total spectrum, was found in plants grown in blue light 
and in darkness. Carotenol was found in greatest quantity in the plants 
grown in the complete spectrum. Plants grown in red light and in darkness 
contained nearly the same amount of carotenol, about 4 the amount con- 
tained in plants grown in the complete spectrum. Plants grown in blue and 
in green light were approximately equal in carotenol content and contained 
about 4 the amount of plants grown in the complete spectrum. All of these 
comparisons are made on the amount of pigment per gram fresh weight of 
leaf tissue of the respective plants 

As leaf development under the different wavelengths of radiation was 
quite different another basis for pigment comparison was also used (table 
III). In this table the total pigment developed per plot of 80 plants is 
listed. As the plants grown in the total spectrum were grown under con- 
ditions differing considerably from those in the first four plots no attempt 
was made to include these plants in this table. On the basis of total pigment 
developed per 80 plants those grown in red light contained the maximum 
amount of chlorophyll with nearly as much in those grown in green light. 
Plants grown in blue light contained only about 0.23 as much chlorophyll as 
those grown in red radiation. The carotene content was at a maximum in 
the green plot with plants in the blue and red containing about 4 the caro- 
tene content of those in the green plot. Plants grown in darkness contained 
the least carotene, about 4 as much as those in the green plot. The carotenol 
content was greatest in plants grown in red light ; about 0.40 this amount in 
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plants grown in blue and in green light ; and about 0.45 this amount in plants 
grown in darkness. 

The molecular ratios of the chloroplast pigments developed in each plot 
were calculated (table IV). The chlorophyll/carotene ratio, expressed as 
the nearest integral number, was 1, 2, and 4 for plants grown in blue, green, 
and red light, respectively ; the chlorophyll/carotenol ratio was 1, 4, and 2 
for plants grown in blue, green and red light; and the carotenol/carotene 
ratio was 2, 1, 4, and 3 for plants grown in the blue, green, red, and dark 
plots. 


Summary 


Red kidney bean seedlings were grown in gravel in tap water under 
monochromatic illumination and in darkness. The wavelengths and the 
intensity of the illumination was 4358, 5461, and 6700 A, and 360, 300, and 
240 ergs per square centimeter per second. The seedlings were harvested 
and the lengths, wet weight, and dry weight of the roots, hypocotyls, and 
epicotyls were determined. The leaves were removed and analyzed for 
chlorophyll, carotene, and carotenol. 

A maximum loss of weight was observed in plants grown in red light and 
a minimum loss of weight in plants grown in blue light. The weight loss of 
plants grown in green light was approximately equal to that of plants grown 
in darkness. No measurements were made of respiration or photosynthesis. 
Caleulation of dry weight ratios indicated that maximum translocation of 
reserve material occurred in plants grown in the red light and that the pro- 
portion of such material translocated to the roots was larger than in plants 
grown in green or in blue light. The least translocation of reserve material 
was found in plants grown in darkness and the proportion of such material 
remaining in the region of the hypocoty!] and cotyledons was a maximum in 
these plants. 

On a fresh-weight basis, of the leaves, the maximum amount of chloro- 
phyll and carotene was developed by plants grown in the green plot; the 
maximum amount of carotenol was found in the plants grown in darkness 
and was approximately equal to that developed by the plants grown in red 
light. The minimum chlorophy!! content was developed in the plants grown 
in blue light, of the three irradiated plots, and the minimum carotene was 
found in the red, and the minimum earotenol in the blue plots. When the 
total pigment developed by 80 plants in each plot was calculated the maxi- 
mum chlorophyll and carotenol was found in plants grown in the red plot, 
excluding the dark plot from chlorophyll comparisons, and a maximum caro- 
tene content in the green plot. The minimum chlorophyll and carotenol 
content was found in the plants grown in the blue plot, and the minimum 
carotene was developed in the plants grown in the dark. The molecular 
ratios of the chloroplast pigments developed per plot of 80 plants were deter- 
mined, but insufficient data were obtained to evaluate their meaning in terms 
of the physiology of the plants. 








578 PLANT PHYSIOLOGY 


The writer wishes to express his gratitude to Dr. C. A. SHuuy for his 
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THE GROWTH OF CHLORELLA PYRENOIDOSA UNDER VARIOUS 
CULTURE CONDITIONS! 


JACK MYERS 


(WITH FIVE FIGURES) 


The unicellular algae are being used with increasing frequency in studies 
on the nature of the photosynthetic mechanism. These algae are excellent 
experimental material. Their measurable gas exchange is not subject to cer- 
tain of the complexities of higher plants, e.g., stomatal behavior. They can 
be used in thick suspensions to obtain almost total light absorption or in such 
thin suspensions that the variation in light intensity within the sample be- 
comes negligible. They are adapted to the comparatively simple and accu- 
rate manometric measurement of gas exchange. Furthermore, effects of 
individual variation among samples from any one batch of cells are mini- 
mized since any one sample usually contains billions of individuals. 

The procedure of growing algae introduced by Warsurae (16) and 
described in detail by Garrron (4) has been commonly followed. Certain 
strains of the alga Chlorella have been most widely used. In one sense the 
choice of this form is not particularly fortunate since it reproduces by for- 
mation of a variable number of autospores within the parent cell. This 
means that Chlorella cells may be subject to wider variation in size than 
might be expected of a form such as Stichococcus which multiplies by binary 
fission. Cultures are commonly grown in a mineral salt solution in 250- to 
500-ml. flasks, with a current of air fortified with carbon dioxide (~ 3 to 5 
per cent.) bubbled through, at a temperature in the range of 20 to 25° C., 
and illuminated by a tungsten filament lamp giving an incident intensity 
in the range of 50 to 500 foot candles. This technique has proved so con- 
venient and reliable that no comprehensive study of growth conditions has 
been undertaken. A few workers have chosen other algae or followed other 
procedures of culture, but the study of growth conditions or comparison 
between various algae has been limited. 

In one sense the standardization of procedure in culture is fortunate 
since comparisons between data of different laboratories are facilitated. But 
by the same token the photosynthetic mechanism has been given an appear- 
ance of stability which may not be warranted. It would seem that a point 
has been reached at which the relations between culture conditions and the 
development of the photosynthetic mechanism can profitably be explored. 
It is the thesis of this and succeeding papers of the series that one approach 
to the photosynthesis problem lies in a study of photosynthetic behavior in 
relation to conditions of culture. A step in this direction has been taken 
by Sarcent (12) in studying certain effects of light intensity on photosyn- 
thetic behavior. 


1 This is the first of a series of papers on: Culture conditions and the development of 
photosynthetic mechanism. 
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Experimental procedure 


Considered in this paper are certain features of the growth curve for 
Chlorella pyrenoidosa. The strain used was obtained from Dr. Rospert 
EMERSON and its photosynthetic characteristics have been described by him 
(3). The Knop’s solution used as the basic medium contained 0.010 M 
MgSO,, 0.012M KNO,, 0.009M KH,PO,, 0.003M Ca(NOs;).2, 0.00001 M 
Fe,(SO,);. In later experiments the calcium nitrate was omitted and the 
microelements boron, copper, manganese, molybdenum, and zine were pro- 
vided by the addition of the ‘‘A5’’ solution of ARNon (1). Unless other- 
wise stated, the cultures were grown in 100 ml. of medium in 250-ml, Pyrex 
Erlenmeyer flasks with air or mixtures of carbon dioxide and air bubbled 
through. Air-carbon dioxide mixtures were obtained compressed in eylin- 
ders and their composition checked by analysis with a Haldane apparatus. 
Before entering a culture flask the gas was first humidified by bubbling 
through a flask of Knop’s solution held in the same bath. 

The culture flasks were immersed in a glass-bottomed water bath thermo- 
stated at 24° + 0.1° C., illuminated from below by a circle of six 100-watt 
tungsten-filament bulbs, and continuously agitated by a mechanical drive to 
the holding rack. This is the apparatus described by Meter (7). Light 
intensities were measured by a Weston photronic cell contained in a 250-ml. 
Erlenmeyer flask so that it could be inserted in place of any one of the eul- 
ture flasks. The cell and microameter used were calibrated against a Model 
603 Weston Foot-Candle Meter. 

Cultures were inoculated from suspensions grown in cotton-stoppered 
flasks for one to two weeks in a north window. Sterile precautions were 
maintained up to the beginning of each growth experiment. The nature of 
the apparatus and daily withdrawal of samples precluded continued obser- 
vance of sterile precautions. Some bacteria do develop in such cultures and, 
though the amount of their protoplasm compared to that of the algae is 
negligibly small, the possibility of effects on growth must be admitted. 
Growth was estimated by daily hemocytometer counts, at least 450 cells being 
counted in each of two drops. The statistical errors involved in hemo- 
cytometer counts have been discussed by StupEnt (13) and by PEARSALL and 
Loose (9). An experimental check made by counting about 10,000 cells of 
a single suspension has shown that in our hands the standard deviation of 
the mean for thousand-cell counts is less than 5 per cent. but somewhat 
greater than the 3 per cent. predicted from theory on the basis of errors of 
random sampling. pH of the medium was determined by the Leeds and 
Northrup glass electrode. Nitrate concentration of the medium was deter- 
mined in several experiments by alkaline reduction and Nesslerization 
according to Yor (17) after centrifuging or filtering off the cells on an 
asbestos mat. 

Cultures were grown in duplicate. Except for occasional unexplained 
discrepancies, counts of duplicate cultures made at the same time agreed 
within about 5 per cent. In the growth curves to be presented each point 
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represents the average of the cell counts on duplicate cultures. An excep- 
tion is figure 3 in which counts from each of duplicate cultures are plotted. 


Results 


GROWTH STUDIES 


Illustrated in figure 1 are the data of one of our earlier experiments in 
comparison of two light intensities. The usual Knop’s solution was used 
and 3.5 per cent. carbon dioxide in air bubbled through the flasks. The 
density of population has been plotted on a logarithmic scale in order to 
emphasize the comparatively long period of logarithmic growth. Such a 
feature is a distinct advantage in culturing cells for physiological study 
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Fie. 1. Growth of Chlorella pyrenoidosa at two light intensities. 


since the ‘‘cross-sectional age’’ during this period will be constant. As 
might be expected, the rate of growth during the logarithmic phase is smaller 
under lower light intensity. 

It has seemed best to first concentrate on the later features of the growth 
curve since those conditions which limit growth might do so through their 
effects on photosynthesis. Theoretically, any one of four conditions might 
cause the falling off or limitation of growth for algal cells cultured in this 
way: (1), the production of some toxic substance by the cells; (2), a limited 
rate of provision of carbon dioxide; (3), a change or deficiency of some com- 
ponent of the mineral salt solution ; or (4), an actual energy limitation. The 
production in algal cultures of a toxic substance which inhibits growth and 
reproduction has been demonstrated by Prarr and Fone (11). No attempt 
has been made here to study such substances; but consideration of the data 
to follow makes it seem unlikely that inhibitors can be the principal factor 
causing limitation of the various growth curves obtained. 
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CHANGES IN THE MEDIA 


The possible contributions of changes and deficiencies within the media 
have been considered. Fresh stock solutions were made up in pyrex con- 
tainers from a new batch of salts. The calcium nitrate was omitted from the 
Knop’s solution since it was found that at the higher pH values which 
always are found during the later stages of growth a precipitate, apparently 
of calcium phosphate, develops. It has been shown that growth is at least 
equally as good when calcium is omitted (5, 10, 14). With the particular 
batches of salts used a pronounced effect of microelements could be demon- 
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Fig. 2. The effects of varying concentration of microelements on growth using the 
A5 solution of ARNON (1). Light intensity, 500 fe. Culture medium: Knop’s solution 
(minus calcium) with added A5 as indicated. 


- 


strated, even though the major salts were subjected to no special purification. 
Figure 2 illustrates an experiment in which parallel cultures received vary- 
ing amounts of the A5 solution. There is a pronounced limitation of cell 
number in the absence of added microelements. The upper curves show the 
effect of various increments of the A5 solution. Populations of 700,000 
cells/emm. were attained. Fortunately, there seems to be a rather wide 
range of tolerance to the A5 solution. For further work a supplement of 
0.2 ml./liter was used. The particular microelements required under our 
conditions have not been investigated. Further effects of other micro-ele- 
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ments are possible but seem improbable in view of the lack of any special 
purification of the major salts. 

An apparent inflection in the curves of figure 2 has been drawn in since 
it appeared in all these and later curves obtained under similar conditions. 
Its meaning is not yet clear. Perhaps it occurs only because of our use of 
cell number as an estimate of growth. Any sudden increase in cell size 
might cause exactly such an effect. 

Measurements of pH made with the glass electrode indicated marked 
changes during the growth cycle. This point has been investigated in more 
detail for cultures grown in duplicate in air and in 3.5 per cent. carbon 
dioxide under 500 fe intensity. The results are indicated in figure 3. In 
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Fig. 3. Changes in pH of the medium accompanying the growth curve. For 0.03 
and 3.5 per cent. carbon dioxide. Culture medium: Knop’s (minus caleium) plus 0.2 
ml./l. of A5 solution. Light intensity, 500 fe. Solid and open circles represent data of 


duplicate cultures. 


air the increase in cell number falls off at about 350,000 cells/emm. while the 
pH follows a course which suggests the titration curve of potassium acid 
phosphate. In high carbon dioxide the cell number attains a much higher 
limit of about 700,000 cells/emm., but the pH becomes stabilized at about 7.0. 

The difference in final pH between cultures grown in air and those grown 
in 3.5 or 5 per cent. carbon dioxide is due principally to the higher carbon 
dioxide concentration in the latter case. The pH was determined so rapidly 
that the sample may be considered as in equilibrium with the gas mixture 
bubbled through. Carbon dioxide is not appreciably ionized at pH 4.5; but 
it is 50 per cent, ionized at a pH of about 6.5 and about 75 per cent. ionized 
at pH 7.0. In fresh Knop’s solution (pH ~ 4.5) the pH is not appreciably 
influenced by the carbon dioxide concentration of the air bubbled through; 
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but in the region of pH 7.0 the pH is noticeably depressed by concentrations 
of carbon dioxide of 3.5.to 5 per cent. 

The absorption of nitrogen from culture media has frequently been 
observed to be associated with changes of pH. The assimilation of nitrate 
from Knop’s solution has been studied by making analyses of the culture 
media. In the usual Knop’s solution KNO, is 0.0125M. Growth curves 
have been followed under 500 fe illumination using this initial coneentra- 
tion of nitrogen (N/1), one-third the usual concentration (N/3), and three 
times the usual concentration (3 N). The initial concentrations of all other 
components of the Knop’s solution were the same throughout. Parallel 
series have been obtained for air and for 5 per cent. carbon dioxide and the 
data are presented in figure 4. 
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Fie. 4. Changes in nitrate concentration of the medium accompanying the growth 
eurve. For 0.03 per cent. (left) and 5.0 per cent. (right) carbon dioxide. Light intensity, 
500 fe. Knop’s solution (minus calcium) plus 0.2 ml./l. A5 and with three different 
initial nitrate concentrations: N/1, 0.0125M; N/3, 0.0042M; 3N, 0.0375 M. 


In the high carbon dioxide, with one-third the usual amount of nitrate, 
the increase in cell number is soon brought to a halt. Analyses made at the 
last point shown failed to detect any nitrate (or NH,*) in the nutrient 
medium ; and for the last three days the pH remained constant at 6.3. Even 
with the usual amount of nitrate (N/1) there is again no detectable nitrate 
left in the medium at the last point studied on the curve. With three times 
the usual nitrate concentration (3 N) growth continues to a somewhat higher 
level, the pH rises as high as 7.4, and about 1/4 of the initial nitrate is still! 
present in the medium at the last point studied. 

In air also, nitrate deficiency clearly limits the growth when the initial 
nitrate concentration is low (N/3). For the usual Knop’s solution (N/1) 








MYERS: GROWTH OF CHLORELLA PYRENOIDOSA 585 


the nitrate is reduced to 1/25 of the original concentration. With three 
times the usual nitrate concentration (3N) no appreciable growth took 
place. On the seventh day 5 per cent. carbon dioxide was substituted for 
air ané a vigorous growth followed. Such behavior is interesting but en- 
tirely unexpected. This point will be checked in future work; at present 
confirmatory data are lacking. 

It is clear from the data of figure 4 that nitrate absorption is rapid and 
that a limitation of this ion may be at least partially responsible for the 
falling off of the growth rate even for the nitrate concentrations commonly 
used. A similar conclusion may be drawn from the results of vAN HILLE 
(15) although his algae were cultured under quite different conditions. 


CARBON DIOXIDE PROVISION 
Study of the effects of carbon dioxide on the growth curve has been 


attempted. Table I presents the data of one experiment carried out under 


TABLE I 


EFFECT OF MODE OF PROVISION OF CARBON DIOXIDE ON GROWTH IN PARALLEL CULTURES. 
GROWTH IS EXPRESSED IN TERMS OF CELLS PER CMM. LIGHT INTENSITY = 100 FC 














Day CULT. NO. 57, CULT. No. 59, CULT. No. 61, 
3.5% CO, AIR COTTON PLUG 
0 300 300 300 
15 132,000 47,000 
23 254,000 127,000 39,000 
34 472,000 453,000 
37 shen 63,000 








a light intensity of 100 fe. In parallel cultures carbon dioxide was pro- 
vided by aeration with 3.5 per cent. carbon dioxide, aeration with air, and 
diffusion through a cotton stopper from room air. The culture obtaining its 
carbon dioxide by diffusion through the cotton plug was clearly limited in 
its rate of growth. A still greater relative limitation might be expected at 
higher light intensities, 

Unfortunately, the interpretation of the effects of carbon dioxide pro- 
vision is complex. The only carbon dioxide pressure of significance is that 
existing within the liquid medium and available to the cells. During photo- 
synthesis this carbon dioxide pressure at the surface of the algal cell can 
never be as great as that in equilibrium with the gas phase since a diffusion 
gradient must always exist. There is no simple means of determining the 
carbon dioxide pressure within the liquid media; but it can be made to ap- 
proach that of the gas mixture by rapid aeration, agitation, and a large 
liquid-gas interface. The data of table I indicate much more rapid growth 
with 3.5 per cent. carbon dioxide aeration than in the cotton-stoppered flask. 
Yet it is conceivable that 3.5 per cent. carbon dioxide could be bubbled 
through so slowly that rate of provision of carbon dioxide would be slower 
even than that afforded by diffusion from air through a cotton stopper. 
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It is clear that the carbon dioxide pressure within the medium must be 
a complex function of the partial pressure in the gas phase, the area of the 
liquid-gas interface, the rate of aeration, and the rate of uptake of carbon 
dioxide by the algae. Even in any one culture in which the first three of the 
above factors are held constant, the multiplication of the algae must result 
in increasing rates of uptake of carbon dioxide, thus continuously decreasing 
the pressure of carbon dioxide within the media. The effective carbon 
dioxide concentration must fall off continuously during the growth curve. 

With high concentrations (3 to 5 per cent.) of carbon dioxide in the gas 
phase (and adequate rate of aeration) it seems likely that the concentration 
in the liquid media will never fall below the level of carbon dioxide satura- 
tion of photosynthesis (~ 0.1 per cent.). With low carbon dioxide concen- 
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Fig. 5. The effect of thickness of the layer of suspension on growth. The volumes 
100, 50, and 25 in 250-ec. Erlenmeyer flasks correspond approximately to thicknesses of 
2.0, 1.0, and 0.5 em., respectively. Light intensity, 500 fe. 


trations in the gas phase (~ 0.03 per cent. as in air) it may be quite possible 
that a limitation of growth due to rate of provision can develop. Such a 
limitation could be expected to give rise to a growth curve with linear slope, 
since rate of growth would depend upon a factor provided at a constant rate. 
This is exactly what happened in culture no. 61 of table I in which rate of 
provision of carbon dioxide was limited by diffusion through a cotton plug. 
Similar phenomena of linear growth have appeared in other experiments to 
be reported in subsequent papers. When air of low carbon dioxide concen- 
tration (~ 0.03 per cent.) is rapidly (~ 5 ml./see.) bubbled through a cul- 
ture, the resulting conditions in regard to carbon dioxide probably vary 
significantly during the growth curve. An adequate rate of provision seems 
possible, at least during the early part of the growth curve; note the oceur- 
rence of logarithmic growth in figure 5. Calculations based on estimated 
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rates of photosynthesis per cell, however, suggest that rate of provision of 
carbon dioxide may become limiting during the latter part of the growth 
eurve. 

CHANGES IN RATE OF ENERGY ABSORPTION 


The fraction of the incident light absorbed by a culture increases con- 
tinually during the growth curve until 100 per cent. absorption is approached. 
Likewise, the illumination of the ‘‘average’’ cell of the culture continuously 
decreases as the increasing number of cells mutually shade each other. With 
high incident intensities considerable growth can take place before a signifi- 
cant number of cells are so shaded as to receive less than a light-saturating 
intensity. During this period no light limitation can occur. However, as 
soon as the mutual shading of cells reduces the intensity on a significant frac- 
tion of the cells to a light-limiting value for photosynthesis, then rate of 
photosynthesis and hence rate of growth must fall off. Theoretically such 
a falling off in growth rate due to a light limitation should occur at greater 
densities of population in those cultures which have the thinnest layers of 
suspension. This point has been investigated in the experiment presented 
in figure 5. <A batch of Knop’s solution was inoculated to give a density of 
population of 300 cells/emm. Aliquots of 100, 50, and 25 ml. of this sus- 
pension were placed in three flasks and illuminated side by side in the same 
bath. The depths or thicknesses of these suspensions were about 2.0, 1.0, 
and 0.5 em., respectively. The series with air bubbled through were made 
up in the usual Knop’s solution (nitrate =0.0125M). The series in 5 per 
cent. carbon dioxide were made up in Knop’s solution with three times the 
usual nitrate concentration. There is some degree of uncertainty in draw- 
ing the curves. But in any case it is clear that, as predicted on theoretical 
grounds, the rate of growth falls off more quickly in thicker suspensions. 
(In the experiments in air the effects of thickness of suspension may relate 
to both light and carbon dioxide provision.) By limiting the thickness of 
suspension to 1.0 em. or less (50 ml. in a 250-ml. Erlenmeyer flask) it has 
been possible to attain populations well over one million cells per eubie milli- 
meter. 

In some eases it is possible to demonstrate a period of logarithmic growth 
under low light intensities [fig. 1 and Bristot-Roacnu (2)|. This can mean 
only that here the increase of mutual shading is not rapid enough to be sig- 
nificant during the logarithmic growth period. 


Discussion 


qr 

The data of this paper are regarded only as exploratory. No attempt has 
yet been made to relate the described culture conditions to photosynthetic 
behavior. Numerous improvements in the physical apparatus for culturing 
algae have since been made and more detailed study of various conditions 
will be reported in subsequent papers. 

Any study of the relations between culture conditions and the develop- 
ment of the photosynthetic mechanism is beset with a number of difficulties. 
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For the most part these arise from the numerous changes in conditions which 
accompany the growth curve. As the population of a culture increases, the 
effective light intensity, carbon dioxide concentration, and nitrate concentra- 
tion are diminished ; simultaneously the pH rises. Other variables may also 
be expected, e.g., the spectral distribution of the effective light (12) and the 
availability of iron as affected by pH (5). Furthermore, the way in which 
all of these variables relate to each other and to the population may differ for 
different culture conditions. 

For instance, the writer is particularly interested in the effect of carbon 
dioxide concentration on the development of the photosynthetic mechanism. ° 
It has been shown (6, 8) that cells from a culture grown under high carbon 
dioxide (5 per cent.) show certain differences in photosynthetic behavior 
from those of a culture grown under low concentration (air) of this gas. 
But the experiments described above make clear that we cannot simply relate 
photosynthetic behavior to carbon dioxide pressure since other conditions 
(e.g., pH) may differ between the cultures and change in any one culture 
with time. 


Summary 


1. The growth of Chlorella pyrenoidosa has been studied under various 
culture conditions by means of hemocytometer counts. 

2. During the growth of a culture at least two important changes occur 
in the nutrient media: the nitrate and hydrogen ion concentrations are con- 
tinually diminished. 

3. It has been shown on theoretical grounds and confirmed experimen- 
tally that rate of provision of carbon dioxide may limit growth in such a 
way as to give rise to a linear rate of growth. 

4. Higher populations and longer periods of logarithmie growth may be 
attained by exposing thinner layers of the algal suspension to the incident 
illumination. 

5. The changes in growth conditions within any one culture are manifold 
and hence it will be difficult to relate any one of these conditions to effects 
on the photosynthetic mechanism. 


The experimental work of this paper was done in the Division of Radi- 
ation and Organisms of the Smithsonian Institution when the author was a 
National ReSearch Council Fellow. It is a pleasure to acknowledge indebt- 
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their interest in and support of this work. 
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STUDIES ON MINERAL DEFICIENCY IN PINE 


CLINTON H. Hosss 
(WITH EIGHT FIGURES) 


Introduction 


The symptoms of mineral deficiency in herbaceous plants and fruit trees 
have been extensively studied. An excellent portrayal of mineral deficiency 
symptoms in these groups of plants has recently appeared (5), but forest 
trees have been much less extensively studied. The investigation reported 
here gives the results of growing seedlings of four species of pine under 
starvation conditions of nitrogen, phosphorus, potassium, and magnesium, 
respectively. This study was undertaken partly because of the prevalence 
of chlorosis and other symptoms of malnutrition in some nurseries where 
coniferous plants are grown. The experiments extended over a three-year 
period, but detailed results are presented only for the middle year which is 
taken as representative of the three. All the experiments were conducted 
in the greenhouse. 

MO.LER (9) was the first to study mineral deficiency symptoms in conifers. 
By use of sand cultures out-of-doors he studied deficiencies of nitrogen, phos- 
phorus, sulphur, magnesium, and potassium in Scotch pine (Pinus sylvestris 
L.). One- and two-year-old seedlings were used. PerEsstn (11) grew long- 
leaf pine (Pinus palustris Miller) seedlings in water cultures and studied the 
following deficiencies: phosphorus, calcium, sulphur, nitrogen, magnesium, 
potassium, and iron. This experiment, which was conducted in the green- 
house, was in the nature of a preliminary study, and only six plants per 
treatment were grown. MITCHELL (8) conducted extensive experiments on 
the nutrition of seedling white pine (Pinus strobus L.). He studied defi- 
ciencies of nitrogen, phosphorus, potassium, and calcium by using sand cul- 
tures maintained out-of-doors. The work of these three investiyators attests 
to the fact that pines can be successfully grown in artificial nutrient cultures. 
This fact is further borne out by the work of Appoms (1), ALDRICH-BLAKE 
(2), Howen. (6), Sairtey and Mevui (12), and Wean (13). A review of 
the literature on certain other phases of mineral nutrition in conifers may be 
found in Cousy (4). 


Procedure 


The plants were grown in nutrient sand culture in glazed earthenware 
erocks. The quartz sand was obtained from the Ottawa Silica Company, 
Ottawa, Illinois. The following analysis of the sand was supplied by the 
company : 

Percentage 
SiO, Geta 99.77 
PI eiateinrhacsinniecoian ; 0.018 
ae... 0.08 
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TiO, ai - 0.014 
CaO ‘ FAA ORF: .. None found 
MgO Serta Trace 


OD 0.13 


Two sizes of crocks were used in the investigation with good results: 
gallon-size, and quart-size. Glass wool was used to prevent the sand from 
washing out through the drainage holes. 

The four species of pine employed in this study were as follows: 


II ccvinocrcuneocslinaeraiasband .. Pinus rigida Mill. 
i nntinecpstanen cn eiibigi coun Pinus resinosa Ait. 
EEE RRR Pinus strobus L. 
Shortleaf pine cee Pinus echinata Mill. 


Red pine and white pine are native predominantly in the northeastern por- 
tion of the United States, and pitch pine and shortleaf pine are native 
predominantly in the southeastern portion of the United States. All the 
plants utilized were seedlings. The seeds were provided by the nursery 
division of the Soil Conservation Service. Before starting each experiment 
the seeds were sorted carefully. Unusually large seeds, unusually small 
seeds, and seeds injured in any way were discarded, in an attempt to obtain 
as homogeneous a population of seedlings as possible by controlling the size 
of seed. 

Nutrient solutions were applied to the cultures by surface irrigation 
every three or four days. The salts used were of C.P. or A.R. grade and the 
water was distilled once. The nutrient solution employed was the four-salt 
solution used by WEAN (13), which he found to be satisfactory for growing 
white pine seedlings. Following is the formula for the complete nutrient 
solution : 


1M Ca(NO,),*4H,O i 5.0 ml. 
1M KH,POoO, PSI : 2.5 ml. 
1M MgSO,:-7H,O 2.5 ml. 
1M (NH,).SO, ; 1.5 ml. 
1 per cent. Fe tartrate 1.0 ml. 

Water ............. 1000.0 ml. 


A solution of trace elements was added to the above so that the concentra- 
tions in the diluted nutrient solution were as follows: 1.0 p.p.m. Mn, 0.5 
p.p.m. B, 0.5 p.p.m. Zn, and 0.1 p.p.m. Cu. The deficiency solutions were 
made by substituting Na for the cation omitted and Cl for the anion omitted. 
In all cases the quantity of the molar solution being substituted was the same 
as that of the molar solution omitted. Thus the concentration of the aeccom- 
panying ion was kept the same. The diluted nutrient solutions had a reac- 
tion of about pH 5. 

At the end of each experiment the plants were removed from the crocks 
and harvested. Four measurements were made on each plant as criteria of 
growth and development : height of top, diameter of stem, dry weight of top, 
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and dry weight of root. The drying was carried out in ordinary laboratory 
ovens at about 80° ©. The weighing was made on a small torsion balance 
which was accurate to five milligrams. 


Results 


Table I is a summary of the results obtained for a representative set of 
experiments (those of the middle one of the three years of the investigation). 
Average values for each measurement made on harvesting the plants are 


TABLE I 


RESULTS OF MINERAL DEFICIENCIES ON GROWTH OF PINE SEEDLINGS 




















NUMBER OF | HEIGHT DIAMETER DRY WEIGHT DRY WEIGHT 
TREATMENT PLANTS OF TOP OF STEM OF TOP OF ROOT 
White pine 
em. mm. gm. gm. 
36 8.15 2.12 0.597 0.174 
29 5.47* 1.19* 0.156* 0.082* 
| a 38 4.84* 1.11* 0.125* 0.070* 
Minus Ki nncccccccnn 31 5.11* 1.30* 0.184* 0.047* 
Minus Mg .................. 38 7.17t 1.89+ 0.437* 0.150 





Shortleaf pine 















































Complete on 37 25.3 3.72 1.986 0.234 
MinusN 38 8.5* 1.68* 0.206" 0.117* 
MinusP ............ 26 5.3* 1.37* 0.122" 0.041* 
Minus K 36 9.5" 2.41* 0.651* 0.121* 
Minus Mg ............. 35 205" | 3.33t 1.616+ 0.2064 
Pitch pine 
Complete cco... 15 16.7 282 | 1.560 0.311 
Minus N .......... 19 8.5* 129* | 0.190" 0.094* 
Minus P .......... 20 g5* | 154* | 0.420" 0.092" 
Minus K ............ x | 69* | 134" | 0.244" 0.038* 
Minus Mg ........... 16 =| 127t =| «B9t =| (O.904t 0.1864 
Red pine 
Complete 20 7.08 1.95 0.983 0.202 
Minus N 20 3.55" 1.35* 0.104* 0.055* 
Minus P 19 4.21* | 1.42* 0.218* | 0.087* 
Minus K | «| ene) 18 0.379* | 0,077" 
Minus Mg .............. | 17 6.06" | 1.70¢ | 0682" | 0.154¢t 


al | 








* Difference between deficiency and complete is highly significant. 
t Difference between deficiency and complete is significant. 
t Difference between deficiency and complete is not significant. 


presented together with the number of surviving plants on which the aver- 
age values are based. The number of plants which each treatment contained 
at the start of the experiment was 40 for white and shortleaf pines, and 20 
for pitch and red pines. The 40 plants were distributed among four gallon- 
size crocks-—ten per crock, whereas the 20 plants were distributed among 
four quart-size crocks—five per crock. The seedlings emerged in February, 
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1941, and were harvested the following August, having been grown for 26 
weeks in the greenhouse. The difference between each deficiency value and 
its corresponding complete or control value was tested for statistical signifi- 
eance according to the method given in Loomis and Suuty (7). Significant 
and non-significant differences are designated in table I. 

The average values of the growth measurements contained in table I are 
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Fig. 1. Growth of white pine seedlings under conditions of mineral deficiency. 


represented graphically in figures 1, 2, 3, and 4. Figures 5, 6, 7, and 8 are 
photographs of representative cultures for each species of pine employed. 


SYMPTOMS OF DEFICIENCY 


Following is presented a description of the symptoms of deficiency for 
nitrogen, phosphorus, potassium, and magnesium as observed with the four 
species studied. This description is based on the results of all three years’ 
experiments. Under each of the following headings the symptoms in general 
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are described in the first paragraph, while the variations in expression of the 
symptoms by individual species are described in the second paragraph. 
NiTRoGEN.—Chlorosis was one of the most striking and characteristic 
symptoms of nitrogen deficiency. This condition was manifested by a pale 
green color and never by a purely yellow color. This would indicate that 
some chlorophyll still was present. Another very typical symptom was 
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Fic. 2. Growth of shortleaf pine seedlings under conditions of mineral deficiency. 


stunted growth, as shown by great reduction in height, stem diameter, and 
dry weight. The small stem diameter gave the plants a spindly appearance. 
The needles were considerably shorter than normal. For the most part the 
needles were in the primary condition; that is, they oceurred singly on the 
stem. In some instances, however, the needles occurred to some extent in the 
secondary condition, that is, in fascicles. Necrosis of the needles was not 
a typical symptom of nitrogen deficiency. In general, the plants receiving 
the minus N treatment were uniform within any given experiment and 
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species in their manifestation of symptoms. This is to be contrasted with 
certain other treatments, notably minus K, in which lack of uniformity was 
the rule. 

The above general description fits shortleaf pine and pitch pine seedlings 
very closely. With white pine, however, necrosis occurred and became 
severe. It began at the tips of the lower needles and worked inward. Thus 
in advanced stages only the stem and needle bases remained alive. The 
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Fig. 3. Growth of pitch pine seedlings under conditions of mineral deficiency. 


necrotic tissue was tan-colored. Red pine seedlings exhibited a red color. 
This was not the dark red color often observed when anthocyans and chloro- 
phyll are both present in a leaf, but a lighter shade of red, probably because 
of the relative scarcity of chlorophyll. This condition began as a pink color 
at the ends of needles and progressed inward. The tips of the needles be- 
came progressively deeper red. Apparently the reddening began while the 
needles were yet living, but the color remained unchanged after necrosis had 
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setin. In this instance it was difficult to tell whether the tissues were living 
or dead. 

PHOsPHORUS.—Pine seedlings grown in a medium lacking in phosphorus 
were greatly stunted, the degree of stunting being about the same as that 
obtained in nitrogen starvation. The needles were short and in the primary 
condition. The plants usually did not develop chlorosis. Rather, the most 
characteristic symptom in addition to stunted growth was necrosis which 
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Fie. 4. Growth of red pine seedlings under conditions of mineral deficiency. 


began with the basal needles and progressed up the plant until, just before 
death, often there was only a crown of living needles left. Prior to death, 
frequently the lower needles became reddish-colored. Sometimes this was 
only a pink color. After death the lower needles were brown-colored. 
Plants under this treatment were typically very regular. 

Shortleaf pine and piteh pine seedlings behaved essentially as outlined 
above. In red pine there was a very pronounced tendency toward the de- 








HOBBS: MINERAL DEFICIENCY IN PINE 597 





Fie. 5. Photograph of representative white pine cultures. 


velopment of reddish coloration in the lower needles. White pine seedlings 
were the most exceptional of any species as regards phosphorus deficiency, 
as they developed a mild chlorosjs. Further, necrosis was only slight and 
much variability in color was evidenced. 

PorasstuM.—The stunting which occurred when potassium was withheld 
was of about the same degree as that occurring in nitrogen and phosphorus 
deficiencies and more than in magnesium deficiency. The color of the plants 
was often bluish-green. Chlorosis occurred occasionally but was not com- 
mon or typical. The needles were shorter than normal and were usually in 
the primary condition, although secondary needles occurred more often than 
in the minus phosphorus or minus nitrogen treatments. Necrosis was of 
common occurrence among potassium-deficient plants, especially in the 
terminal meristem and surrounding young needles. When it occurred here, 





Fig. 6. Photograph of representative shortleaf pine cultures. 
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Fie. 7. Photograph of representative pitch pine cultures. 


the affected needles became typically copper-colored. In other instances the 
necrosis occurred primarily at the base of the plant and in others at the 
needle tips all over the plant. In no case, however, did it resemble the 
necrosis caused by phosphorus deficiency. One of the most outstanding 
characteristics of the minus potassium treatment was the irregularity in size 
of the plants. 

Pitch pine and shortleaf pine seedlings were typical in their manifesta- 


tion of the symptoms of potassium deficiency. They were blue-green in 
eolor, non-chlorotic, and greatly stunted. Most of them exhibited copper- 
colored terminal necrosis. While the terminal shoots died back, new side 
shoots arose at the base of the plants. Red pine seedlings varied somewhat 
from the foregoing. They were typically bluish-green and non-chlorotic, 
but no necrosis of the terminal meristems was observed. Rather, needles 


Fic. 8. Photograph of representative red pine cultures. 
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became necrotic at the ends, especially at the base of the plants. The color 
of this necrotic tissue was tan to coppery. White pine seedlings behaved 
differently still. There was a definite tendency toward chlorosis, especially 
in the new growth. The bluish-green color characteristic of potassium defi- 
ciency was not observed because the primary needles of this species are 
normally bluish-green. Considerable necrosis occurred, but not in the termi- 
nals particularly nor at the base of the plants, but on the ends of needles all 
over the plant. The tendency of the necrotic tissue toward copper colora- 
tion was not very pronounced. 

MAGNEsIUM.—The degree of stunting obtained under conditions of mag- 
nesium deficiency was moderate—always less than that obtained with nitro- 
gen, phosphorus, and potassium deficiencies. The most striking symptom 
of magnesium deficiency was the tip chlorosis of the needles. This condition 
was more accentuated on the upper part of the plant as a rule, but in later 
stages needles all over the plant were affected. In some instances the chlo- 
rosis was general, involving whole needles or fascicles of needles, but typi- 
cally only the needle tips became chlorotic. As the condition of deficiency 
became worse, the chlorosis usually progressed down the needles, and the 
tips, which had become chlorotic first, gradually became necrotic. Thus, it 
was common to observe three regions in affected needles: the basal green por- 
tion, the middle chlorotic portion, and the terminal necrotic portion. Tip 
chlorosis of needles was not observed in any other deficiency studied. 

Tip chlorosis, as a symptom of magnesium deficiency, was very pro- 
nounced in pitch, shortleaf, and white pines, and was less pronounced in red 
pine. In this species, frequently the entire length of the needles of the 
newest growth became yellowish green, while the old needles remained nor- 
mal green. The affected needles tended to become necrotic at the tips as in 
other species. 

Discussion 


It will be noted from table I that the growth made by the nitrogen-, phos- 
phorus-, and potassium-deficient pine seedlings, as expressed by all four 
measurements, was always highly significantly reduced as compared with 
the control plants. In the case of magnesium-deficient plants, the growth 
measurements in every instance were less than those of the control plants, 
but some were not significantly less. 

The pale green color which developed in the foliage of all four species of 
pine as a result of withholding nitrogen agrees with the condition found by 
other workers with woody plants as well as herbaceous plants. The ten- 
dency toward necrosis of the lower needles was much more pronounced in 
red and white pines, which are slow-growing species, than in pitch and short- 
leaf pines, which are fast-growing species. 

Under conditions of phosphorus deficiency a purple coloration of the 
lower needles was observed by MOLLER (9) and Nemec (10) in Seotch pine 
and by MircHett (8) in white pine. It was not mentioned by Pessin (11), 
however, as occurring in longleaf pine. In the present study this condition 





ee Sr Ai = 
eee a eee ht a 


a fo 


600 PLANT PHYSIOLOGY 


was not observed in white pine seedlings. MITCHELL’s experiments were 
conducted out-of-doors, and the brighter light or greater temperature differ- 
ences existing there in contrast to greenhouse conditions might have influ- 
enced the development of the color. The writer, however, did observe a 
reddening of the lower needles in the other three species employed, namely, 
pitch, shortleaf, and red pines. In the last species named the tendency 
toward pigmentation was very pronounced. 

PEssSIN, working with longleaf pine seedlings, found only slight reduction 
in dry weight with phosphorus deficiency. This is in contrast to the work 
of MitcHeELL with white pine, and of the present writer with white, shortleaf, 
pitch, and red pines, since in both studies a very great reduction was ob- 
tained. No statement was found in the writings of any of the above-men- 
tioned workers regarding chlorosis in phosphorus-deficient pines. The color 
of the plants as here reported was about normal green in three of the species, 
but some chlorosis was observed in white pine. The lack of chlorosis ob- 
served with the three pine species agrees with the condition existing with 
many non-coniferous plants {HAmpBipcE (5) |. 

Accurate descriptions of potassium-deficiency symptoms as oceurring in 
conifers have not been available heretofore in the literature. Chlorosis is 
reported by MOLLER for Scotch pine and by Mircneuy for white pine. The 
writer is able to confirm the condition in white pine; chlorosis, however, was 
not characteristic in any other of the three species employed. MITCHELL 
also reported a ‘‘sickly appearance in the region of the terminal bud’’ in 
white pine. This symptom cannot be confirmed for white pine by the results 
of this investigation, although death of the terminal meristem and surround- 
ing needles with attendant coppery color was observed as characteristic in 
pitch and shortleaf pines. NEMeEc reported a brownish-green coloration 
in the foliage of Scotch pine, but did not state where it occurred on the 
foliage. Prsstn reported a bluish-green color of the needles of longleaf pine, 
and this agrees with the writer’s observation of this condition in pitch, red, 
and shortleaf pines. 

Symptoms of magnesium deficiency perhaps were more consistent for the 
four species studied than those of any other deficiency. In every instance, 
tip chlorosis of the needles was obtained when magnesium was deficient. As 
pointed out before, the tendency toward tip chlorosis was least in red pine, 
but it did occur in this species and was very pronounced in the other three 
species. This condition was reported as a symptom of magnesium deficiency 
for Scotch pine by MOLLER and BECKER-DILLINGEN (3). PEssIN reported 
necrosis but not chlorosis of the tips of longleaf pine needles. 


Summary 


The purpose of this study was to determine the symptoms of mineral 
deficiency and to measure the effects of minerai deficiency on growth and 
development of seedlings of four species of pine. The species employed 
were pitch, red, white, and shortleaf pines. Porcelain crocks containing 
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quartz sand to which nutrient solutions were added constituted the culture 
medium. All experiments were conducted in the greenhouse. At the end 
of each experiment the plants were harvested and measured, and the mean 
values of such measurements were tested for statistical significance. 

By means of the above method, pine seedlings were obtained deficient in 
nitrogen, phosphorus, potassium, and magnesium. Nitrogen-deficient pines 
were pale green in color, which condition is typical of nitrogen-deficient 
plants in general. Phosphorus-deficient pines were approximately normal 
green in color but exhibited necrosis of the lower needles. In some instances 
these needles developed a pink or red pigmentation before becoming necrotic. 
Potassium-deficient pines were usually bluish-green in color and exhibited 
considerable necrosis. Pitch and shortleaf pines—rapidly growing species— 
developed necrotic terminals which became characteristically copper-colored. 
White pine seedlings showed a general chlorosis, while chlorosis was entirely 
lacking in the other three species. Magnesium-deficient pines developed 
chlorosis in the needle tips all over the plant. This symptom occurred in all 
the species studied, but was not very pronounced in red pine. 

Nitrogen, phosphorus, and potassium deficiencies were accompanied by 
great reductions in growth as measured by height of top, stem diameter, and 
dry weight of tops and roots. Magnesium deficiency was not accompanied 
by as great reductions as were the other three deficiencies. 
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SUGARS IN APPLE AND CHERRY BLOSSOMS' 
R. B. DustTMAN AND V. B. FIs8 


(WITH ONE FIGURE) 


Several investigators (2, 3, 5, 7) have reported on the distribution of 
individual sugars found in apple tissue and apple juice. All of these show 
levulose as the predominant sugar of the apple. The senior author (1) 
determined individual sugar values for both blossoms and fruit in three 
varieties of apples and found levulose to be the predominant sugar in both 
parts although the extent of predominance of levulose over dextrose and 
sucrose was less pronounced in the blossoms than in the mature fruit. It 
seemed désirable, therefore, to extend the study to include the blossoms of 
other varieties and also to learn if this condition of predominance of levulose 
exists in the dormant blossom bud as well as at the bloom stage. Because 
they were easily available, buds and blossoms of several varieties of cherries 
were included in the samples analyzed. 


Materials and methods 
PREPARATION OF SAMPLES 


In the winter and spring of 1944, samples of buds and blossoms were 
placed in two-, three-, or four-inch tared aluminum dishes with tight covers, 
taken immediately to the laboratory, weighed, heated in a forced draft oven 
for ten minutes at 110° C. to inactivate enzymes, dried for 24 hours in a 
vacuum oven at 70° C. and 65 mm. of mercury, cooled, weighed, ground in 
a small glass mortar and transferred to paper thimbles for extraction in a 
Soxhlet apparatus with ground glass joints. 

Extraction with ether and later with 80 per cent. aleohol were each con- 
tinued over a 24-hour period. The alcoholic extract from each sample was 
evaporated in a 250-ml. beaker on a boiling water bath to approximately ten- 
to fifteen-ml. volume, diluted with water, and evaporated further until no 
odor of alcohol was discernible. The syrupy residue was transferred to a 
volumetric flask of either 50- or 100-ml. capacity, depending upon the amount 
of sugar anticipated, cleared with one ml. of saturated lead acetate solution, 
made to volume, shaken, and allowed to stand for 10 to 15 minutes. The 
liquid was then transferred to a dry centrifuge tube, centrifuged for a few 
minutes, poured off into a second tube containing a sufficient amount of dry 
disodium hydrogen phosphate (ca. 0.3 g.) to precipitate all the lead present. 
After mixing and centrifuging, the clear liquid was poured off through a dry 
filter into a dry flask and the analyses were begun at once. 


DETERMINATION OF SUGARS 


In choosing a suitable method for sugar determination it was desired to 


1 Published with the approval of the Director of the West Virginia Agricultural 
Experiment Station as Scientific Paper no. 333. 
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use a method that could be applied to relatively small amounts of sugars such 
as are found in 30 to 50 buds or blossoms. Close comparisons were desired 
between blossoms from the same limbs and the collecting of samples contain- 
ing several hundred buds or blossoms either was impossible or would so 
denude the limbs being sampled as to affect the set of fruit wanted for 
further work. This led to the use of a semi-micro procedure for all sugar 
determinations. 
TOTAL REDUCING SUGARS 


The total reducing sugars were determined by the semi-micro method of 
UNDERKOFLER, GUYMAN, RAYMAN and FuLMer (8). This method was de- 
veloped for the determination of reducing sugars in fermentation media. 
The range of concentration covered by the method is from one to ten mg. of 
reducing sugar in five ml. of solution. 

The sugar reagent is prepared as follows: 53 grams of anhydrous sodium 
carbonate and 125 grams of sodium potassium tartrate are dissolved in about 
300 ml. of distilled water. A solution of 37.5 grams of CuSO,-5H.0 in 500 
ml. of water is prepared and added to the carbonate-tartrate solution slowly 
with constant stirring. To do this it is convenient to use a good mechanical 
stirrer and to add the copper sulphate solution through a funnel the outlet 
of which dips below the surface of the carbonate-tartrate solution. No free 
earbon dioxide should be liberated during the addition of the copper 
sulphate. After the addition of the copper sulphate one gram of potassium 
iodide and 50 grams of anhydrous sodium sulphate are added and the mix- 
ture is stirred until all of the salts are dissolved. The solution is then diluted 
to about 960 ml. and the pH is adjusted to 9.48 by means of a strong solution 
of sodium hydroxide. A Fisher Senior Model Titrimeter was used for ad- 
justment of the pH in this work, the salt error being neglected. The soiu- 
tion is then heated to boiling and boiled gently for 10 minutes in a covered 
beaker. After cooling the solution to 20° C., exactly 3.5665 grams of pure 
potassium iodate is added and dissolved completely. The resulting solution 
is then diluted to one liter in a volumetric flask. The reagent so prepared 
should be allowed to stand for a week in a Pyrex container and then filtered 
through ignited asbestos and stored in a Pyrex container. The solution 
appears to keep with almost no change for several months. 

In the analysis of a sugar solution, five ml. of the sugar reagent is mea- 
sured accurately into a 25- x 100- or 150-mm. Pyrex test tube and five ml. of 
sugar solution added. If less than five ml. of sugar solution is used sufficient 
water should be added to make up the difference. A blank is determined 
with each series of sugar solutions, using five ml. of distilled water instead 
of the sugar solution. The contents of the tubes are mixed and rubber 
stoppers carrying capillary tubes are used to stopper the tubes. The tubes 
are placed in a boiling water bath for exactly 30 minutes. At least two 
thirds of the length of the tubes should be submerged in the water. At the 
termination of the heating period the tubes are cooled in running water until 
the contents are at a temperature of 30 to 35° C. Then two ml. of a solution 
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containing 12.5 per cent. potassium iodide and 25 per cent. potassium oxalate 
are added to each and the solution is mixed. To this solution one ml. of 
7.5N sulphuric acid is added carefully and after the evolution of carbon 
dioxide has subsided the contents of the tube are mixed thoroughly until all 
of the cuprous oxide is dissolved and a clear solution results. The excess 
iodine is then titrated with 0.05 N sodium thiosulphate using a few drops of 
a one per cent. solution of soluble starch in saturated sodium chloride as an 
indicator. The indicator is not added until nearly all of the iodine has 
reacted with the thiosulphate. The titration should be conducted with a 
micro burette as the blank is equivalent to about 10 ml. of 0.05N sodium 
thiosulphate. 

The amount of sugar is found by the use of a previously determined 
standardization curve which is prepared with known amounts of pure sugar. 
Dextrose and levulose were found to give almost identical standardization 
eurves. If other reducing sugars are to be determined the standardization 
curve must be determined with the use of the sugar involved. For most 
accurate work on mixtures of reducing sugars it is best to use a standard 
solution containing the various sugars in approximately the same ratio as 
they occur in the unknown mixture. 


DETERMINATION OF LEVULOSE 


The determination of levulose in the presence of dextrose is usually made 
by the method of Jackson and MATHEws (4) using Ost’s solution. The 
amount of sample required, however, is too great for use in this work. An 
unsuccessful attempt was made to adapt the JAcKSON-MATHEWs method to 
a semi-micro scale. Colorimetric methods were impractical beeause the 
extracts to be analyzed were variously colored. 

While working with the sugar reagent described by UNDERKOFLER e¢ al. 
(8) it was observed that levulose reacted much more rapidly than dextrose. 
Several trials were made using this reagent exactly as it is used in the deter- 
mination of reducing sugars except that the heating was done in a constant 
temperature bath at 55° C. instead of in the usual boiling water bath. 

In order to determine the most advantageous length of heating time the 
following experiment was conducted: A solution was prepared containing 


TABLE I 


ML. oF 0.05015 N sopDIUM THIOSULPHATE EQUIVALENT TO THE CUPROUS OXIDE PRODUCED BY 
8 MG. OF LEVULOSE AND 8 MG. OF DEXTROSE WHEN HEATED 
AT 55° C, FOR VARIOUS TIMES 
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75 3.77 4.33 0.56 0.149 
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eight mg. of levulose and eight mg. of dextrose in five ml. of solution. The 
heating time was varied from 45 min. to 90 min. at 55° C. The titrations 
were compared with those obtained with eight mg. of levulose and no dex- 
trose, heated for the same length of time. The results are shown in table I. 
From these data it is evident that the titer increases with time but the 
influence of dextrose also becomes greater. It was thought best to use the 
90-minute heating period in further work. 
: Mixtures of dextrose and levulose were prepared and the relative reduc- 
Fa ing influence of dextrose was determined at the various ratios. The results 
! are shown in table IT. 
TABLE II 


THE EFFECT OF THE RELATIVE AMOUNT OF DEXTROSE TO LEVULOSE UPON THE REDUCING 
ACTION OF DEXTROSE WHEN HEATED FOR 90 MINUTES AT 55° C., 
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In the present work dealing with apple buds and blossoms it was found 
that levulose predominates over dextrose, usually two to one or more, hence 
the factor 0.15 was used to correct for the dextrose present. 

The correction for dextrose was made as follows: 








T. R. §. = total reducing sugars in mg. or per cent. 
La = apparent levulose in mg. or per cent. 
Da = apparent dextrose in mg. or per cent. 


T. R.S.—La=Da 

La — 0.15 Da = L, (First approximation) 
T. R. 8. — L, = D, (First approximation) 
La — 0.15 D, = L. (Second approximation) 


T.R.8.-L,.=D,.. . Ete. 


The corrections were continued until no further changes were produced. 
Usually two or three corrections were all that were needed. 















DETERMINATION OF SUCROSE 


In order to determine sucrose the total reducing sugars were determined 
as previously described and an amount of sugar solution not exceeding 10 ml. 
was measured into a 25-ml. volumetric flask. The amount of sugar solution 
used was such that after inversion not more than 50 mg. of reducing sugar 
would be present. If the amount o. solution used was less than 10 ml. water 
was added to make the total volume 10 ml. Then 2.5 ml. of HCl (sp. gr. = 1.1) 
was added and mixed. The solution was allowed to stand 10 hours at 25° ©. 
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After that time a predetermined amount of solid sodium carbonate was 
added slowly just sufficient to neutralize the HCl. The solution was diluted 
to volume and 5-ml. aliquots were analyzed for reducing sugars. It was 
found that the reducing effect of the sugars in the inversion mixture was 
greater than that of an equivalent amount of pure dextrose and levulose. 
The increased reducing effect may be due to the high concentration of sodium 
chloride in these mixtures. Hence a standardization curve was prepared 
from inverted samples of pure sucrose. Typical standardization curves are 
shown in fig. 1. 
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MG. OF REOUCING SUGAR 
Fig. 1. Standardization curves for the determination of sugar. 


The amount of sucrose was found by subtracting the mg. of total redue- 
ing sugar found before inversion from that found after inversion and multi- 
plying the difference by 0.95. 

This method of analysis for levulose, dextrose, and sucrose in plant 
extracts was checked by means of known mixtures of pure sugars and by 
reliable macro-procedures (6) on apple and cherry extracts. Some compari- 
son data are shown in tables III, IV, and V. 


Results 


In the analysis of dormant fruit buds, samples from two varieties of 
apples and three varieties of cherries were taken on Jan. 29, 1944. Each 
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TABLE III 


THE ACCURACY OF THE SEMI-MICRO METHOD AS DETERMINED BY THE 
ANALYSIS OF KNOWN MIXTURES OF PURE SUGARS 








1a 
4 
3 
f 








DEXTROSE LEVULOSE SUCROSE 

FouND |PRESENT| ERROR Founp |PRESENT| Error | FounpD | PRESENT] ERROR 
mg. mg. % mg. mg. % mg. mg. % 
10.8 13.2 — 18.2 46.2 44.8 3.1 17.5 18.2 -3.8 
38.8 39.6 - 2.0 43.7 43.4 0.7 | 109 10.8 1.0 
16.1 15.6 3.1 45.4 46.8 -3.0 | 32.4 31.2 3.9 
31.8 31.2 1.9 30.2 31.2 - 3.3 30.7 31.2 -1.6 
25.7 26.0 - 12 80.3 80.0 0.4 36.7 36.0 1.9 





























sample contained 30 buds. Table VI shows the moisture, ether extract, and 
sugar content of these samples. 
On March 25, 1944, samples of both fruit and leaf buds of Red Astrachan 


TABLE IV 


THE DEVIATION OF THE VALUES OBTAINED BY THE SEMI-MICRO METHOD FROM THOSE OBTAINED 
BY STANDARD MACRO-METHODS IN THE ANALYSIS OF APPLE AND CHERRY EXTRACTS 









































DEXTROSE LEVULOSE SUCROSE 

MATERIAL g g é 

ANALYZED & ° & & 

Piaizgié@i]e2}2e)@i)alé 

< = w < = } < = S) 

= = =) = = a a a a 

mg. mg. % mg mg. % mg. mg. % 
Cherry extr.| 43.9 42. - 3.6 35.7 37.3 4.5 0.0 0.0 0.0 
Apple extr. | 144.0 | 130.0 | — 9.7 | 456.0 | 484.0 6.1 141.0 | 135. -—4.4 
Apple extr. | 200.0 | 178.0 | —11.0 | 471.0 | 504.0 7.0 229.0 | 227.0 | -—1.0 





were taken. The thirty fruit buds were mostly terminals, just bursting and 
The sixty leaf buds were laterals on last years 
wood and were very small and tight. 


beginning to show green. 


TABLE V 


SOME COMPARISON DATA BETWEEN THE OPTICAL ROTATION OBSERVED FOR SOME SUGAR 
SOLUTIONS AND THE OPTICAL ROTATION CALCULATED FROM THE 
VALUES OBTAINED BY SEMI-MICRO ANALYSIS 























OPTICAL ROTATION (ANGULAR DEGREES) * 
MATERIAL OBSERVED << 
CALCULATED OBSERVED 
1 as aa 

Biossom extract ........................ ae — 0.405 — 0.40 
Bioeeoms extract... ........... — 0.163 —0.17 
heesom .esivecs 2... | — 0.09 — 0.10 
Plowsom extract ............0...... a -0.111 - 0.13 
Ceerty epernet 2... : — 0.21 — 0.19 
me Geet — 0.38 — 0.37 
Apple extract... pauek — 0.47 — 0.47 
Pure sugar solution 2.0.0.0... — 0.37 — 0.36 














* Optical rotation measured on a Frié polarimeter. The rotation was measured at 
20° C. using sodium light. 
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TABLE VI 


COMPOSITION OF DORMANT FRUIT BUDS OF APPLE AND CHERRY IN LATE JANUARY 
(BASIS OF FRESH GREEN WEIGHT) 















ETHER 
MoO!s- DeEx- LEvu- Svu- TOTAL 
MATERIAL ANALYEED TURE -— TROSE LOSE CROSE | SUGARS 
TRACT 
% % % % % % 
Apple 
Astrachan ........................ 48.41 2.45 0.00 1.76 1.42 3.18 
Yellow Transparent ....... 46.92 | 3.18 0.00 1.79 1.48 3.27 
Cherry 
Early Richmond .................. 47.00 5.38 0.45 1.10 1.03 2.58 
Montmorency 43.57 5.11 0.33 0.78 1.11 2.22 
PSTD ee oc 50.86 4.77 0.24 0.82 1.04 2.10 























On March 30, corresponding samples of Yellow Transparent were taken. 
In this instance the thirty fruit buds were mostly terminals, swollen, with 
bud seales bursted and the tips showing greenish white. The one hundred 
leaf buds were laterals on last years wood and were very small, tight, and 
dormant, with no sign of growth. 

On March 30, also, samples of 30 fruit buds each, were taken from the 
three varieties of cherries listed in table VI. At this time the seales of all 
cherry buds had burst and the buds showed green at the tip. The buds 
of Gov. Wood were slightly more advanced than the others. Table VII 
shows the composition of these early spring samples. 

On April 26, 1944, samples of blossoms were taken from the apple and 
cherry varieties listed in tables VI and VII. At this time all the trees were 
in or near the full bloom stage. Each sample consisted of 30 blossoms. 
Table VIII shows the composition of the blossoms at this time. 

On April 25, 1944, samples of 50 blossoms each were taken from seven 
varieties of apples in or near the full bloom stage and on May 3 similar 
samples were taken from three additional varieties. Table IX shows the 


TABLE VII 


COMPOSITION OF FRUIT AND LEAF BUDS OF APPLE AND OF FRUIT BUDS OF CHERRY IN LATE 
MARCH (BASIS OF FRESH GREEN WEIGHT ) 




















| a | 
MATERIAL Kind or | Mots- _— | Dex- | Levv- | Su- | Toran 
ANALYZED BUD TURE | rract | TROSE LOSE | CROSE |SUGARS 
—| Cs Seca! eas ae EPPA STEN 
%o > | %o %o > 
Apple | 
Red Astrachan ............. Fruit 65.01 | 1.53 0.00 | 1.16 | 1.01 2.17 
Leaf 44.83 | 4.12 my bs 1.72 2.96 
Yellow Transparent .. Fruit 67.92 1.53 | 0.00 | 142 | 1.10 | 2.52 
Leaf 44.25 4.09 0.00 | 2.02 | 0.74 | 2.76 
Cherry 
Early Richmond. ....... Fruit 68.05 2.74 | ae * | 0.49 | 0.89 
Montmorency ............... Fruit 63.16 | 358 | * | * | 034 | 0.94 
me Ree Fruit 69.00 3.01 | 0.10 | 0.65 0.38 1.13 








* Values too low to determine accurately as individual sugars in the sample used. 
P 
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TABLE VIII 


COMPOSITION OF APPLE AND CHERRY BLOSSOMS AT OR NEAR THE FULL BLOOM STAGE IN 
LATE APRIL (BASIS OF FRESH GREEN WEIGHT) 





























MATERIAL BLooM Mot!s- —" Dex- | LeEvvu- Sv- TOTAL 
ANALYZED STAGE TURE “ TROSE | LOSE | CROSE | SUGARS 
TRACT 
%o % %o % % % 
Apple 
Astrachan. ........... .| Full 82.92 0.74 1.16 1.88 0.39 3.43 
Yellow Transparent . Early 81.87 0.58 0.63 1.92 0.48 3.03 
erry 
Early Richmond ...... Full 84.04 0.59 1.20 1.82 0.89 3.91 
Montmoreney ................. Early 84.24 0.58 0.56 1.84 0.75 3.15 
Gov. W00d oo ccnee | Late 82.61 0.75 0.49 1.32 0.48 2.29 











composition of these varieties of apple blossoms at or near the full bloom 
stage. 

In as much as the number of buds or blossoms comprising each sample 
was known, it is possible to calculate the average weight and amount of indi- 
vidual constituents present in a single blossom. Table X shows these values 
ealeulated in milligrams. Since levulose is the sugar present in greatest 
amount in the fruit buds and blossoms of the apple at the various stages 
investigated it is convenient to study the relationship of levulose to the other 
sugars by a series of ratios using levulose as the numerator. These relation- 
ships are shown in table XI. The corresponding values for the leaf buds 
of the apple and the fruit buds and blossoms of the cherry are ineluded in 
the table. 

Discussion 


In the analytieal procedures used it is well to recognize that the method 
for levulose tends to give values that are slightly high. This tendency is not 
pronounced and the levulose values are believed to be reasonably accurate. 


TABLE IX 


COMPOSITION OF APPLE BLOSSOMS IN LATE APRIL AND EARLY MAY 
(BASIS OF FRESH GREEN WEIGHT) 





























Vaniery BLOOM Mots- — DEx- | LEvv- Bvu- TOTAL 
STAGE TURE t TROSE LOSE | CROSE | SUGARS 
, TRACT 
% % % | % %o %o 
April 25 
TPES TESTES Early 81.55 | 0.69 0.48 | 1.28 0.63 2.39 
Gravenstein ...... Full 82.98 | 0.32 0.38 | 2.03 0.38 2.79 
Grimes Golden Early 79.97 | 0.83 | 0.40 1.50 0.57 2.47 
Jonathan cnn. | Early 80.43 0.59 | 0.78 1.45 0.71 2.94 
Maiden Blush. ............... | Early 80.45 0.53 | 0.31° | 1.55 0.46 2.32 
MeIntosh .........-.............. Early 78.66 0.82 | 0.78 1.78 | 0.62 3.18 
MENA oeccrnctnennem | Full 82.66 | 0.58 | 044 | 1.79 | 0.32 | 2.55 
Rome Beauty ............ | Full 82.48 0.52 | 097 | 196 | 058 | 3.51 
Stayman Winesap. ..... Full 83.57 0.57 | 1.14 1.96 0.51 3.61 
York Imperial ............. Full 82.41 0.50 | 1.07 1.92 0.54 3.53 




















611 


SUGARS IN APPLE AND CHERRY BLOSSOMS 











DUSTMAN AND FISH 


Tz’¢ 18°0 Ire eZ 80 6 TOT wmoolq [104 ¢/¢ 
eli LUT 689 16% Lt 9'9TE woo [04 ¢/s 
Tz’s #60 61'S Sol 60 6'Z9T moog [ty ¢/¢ 
ore #90 soe 88°0 aT 8°66T wmoolq [124 C3/F 
LYE 89°0 ¥6'1 ¢s"0 6'0 2601 wmoolq A[Leg C3/F 
6e'¢ | 19°0 LZ2 cr’0 80 LOFt woolq A[LeG G2/F 
ct | 00°T G0’ Olt 80 meal moorq A[r1eGy G/F 
co's T9°0 I9'T ero 60 TLOr mOOTq Are C3/F 
£9°6 1e'T 10'L eT Ut U'SkE woolq 1124 G3/F 
Slt Ort Zs P80 rae | 9'ELT wmooTy [1h G3/F 
92°0 L0°0 610 00°0 r'0 26 yUBULLOG] 0g/e 
86°9 Ill arr Crt el 0082 moog A[LVg 93/F 
19'S FIT LYT 00°0 oT 6°01 Burysing 0&/¢ 
LUT eo°0 *9'°0 00°0 imi 9S }UBULLOG 62/1 
£2'0 eT'0 ra £0 91 pUBUIOG GZ/€ 
09 LT ee'T ce'9 a6'¢ C's O'8EE wmoorq 104 92/F 
9FZ FIT oe'l 00°0 Lt eet Surjsing C2/E 
PLT 610 c6'0 00°0 eT OFS JUBULIOG 62/T 
00°2 or0 STI eF0 10 F'L8 WOOTG 938] 92/F 
LOT 9¢°0 29°0 60°0 6s. £°S6 Surysing 0&/f 
e830 IFO oe"0 oro 6'T l'6e JUBULIOGT 62/T 
oss 16°0 aid 89°0 L0 UZ woolq A[aeg 92/F 
FO 910 Lt 6°9F Surjsing 08/8 
Lg°0 82'0 02°0 60°0 eT 9°Sz JUBULIOGT 62/T 
9L'¢ 98°0 SLT ctl 9°0 196 mood TA 92/F 
tF'0 G0 i xe ¥T z'0¢ Surysing 0e/€ 
Lg°0 £20 #20 OL'o aT 3s queuLog 62/T 
“Bw "Bw ‘iu “Bw “Ou "Bw 

suvpas LOVYLXG LHOIUM x P 

VIO], gsouong | aSOTNAWT | GSONLXAG WAHL IVLOL, GOVLg aALVd 





























(SHDIGM Nadu) HSayd JO sisva) 
SUDVLS SMOMVA LY WiddV GNV AYAAHO AO SINOSSOIM YO SAA AIONIS NI LNASAYd SLNAALLLSNOO dO SLNOONWV ANV LHOISM ADVASAY 


X WIaVL 





mwossolg 
wosso[g 
ulossolg 
wosso[g 
wLOssolg 
wosso[g 
wossolg 
wossol[g 
ulosso[g 
wLOSssoTE 
pnq yeory] 
mwosso[g 
png ymag 
pnq gma 
pnq jvory 
wosso[g 
png ymig 
pnq gma 


wossolg 
pnq yma 
pnq ymag 
wossolg 
pnq ymaig 
paq FmMiy 
ulossol[g 
paq yma 
paq Fmay 


lavd 





jeuodmy y10xX 
desourm, weuleyg 
Aynvog ou1oy 
Bqirenv 

ysouupoWw 

ysniq woprey 
ubeyyeuo 

Udsp[OF) SeUILIr) 
ULd}SUIABID) 


snoliped 


quorvdsuvay, MOTO X 


uBypVijsy Poy 
addy 


PooM “A+ 


£9UdLOUL} WO Py 


puouyorny Apres7 
A119 YO 


ALSIaV A 

















612 PLANT PHYSIOLOGY 


Since, however, the dextrose value for any sample is obtained by difference 
and depends upon the value obtained for levulose, and since dextrose is some- 
times present in very small amounts, the relative error in the dextrose value 
may be fairly large and the dextrose value reported is likely to be somewhat 
low. The procedures used were checked by comparison with recognized 
macro-methods and with optical methods on solutions of both known and 
unknown composition with reasonably good agreement but with the tendency 
noted. 
TABLE XI 


RATIOS SHOWING THE RELATIONSHIP OF LEVULOSE TO OTHER SUGARS IN THE SAMPLES 
REPORTED IN TABLES VI TO IX, INCLUSIVE 








Vv 
Westies, LEVULOSE | LEVULOSE —— 
TER = AL 
DEXTROSE | SUCROSE SUGARS 








Apple fruit buds 
0.553 
0.534 
0.547 
0.563 


1/29 Dormant 
3/25 Bursting 
Yellow Transparent .. 1/29 Dormant 
3/30 Bursting 


pt hee bs 
bo bo e bo 


Apple blossoms 
4/26 Full bloom 
Yellow Transparent .. 4/26 Early bloom 
Delicious 4/25 Early bloom 
Gravenstein 4/25 Full bloom 
Grimes Golden 4/25 Early bloom 
Jonathan es 4/25 Early bloom 
Maiden Blush 4/25 Early bloom 
MeIntosh 4/25 Early bloom 
Melba 4/25 Full bloom 0.702 
Rome Beauty 5/3 Full bloom ‘ 0.558 
Stayman Winesap 5/3 Full bloom 7% 3. 0.543 
York Imperial ............... 5/3 Full bloom 78 3. 0.544 
Cherry fruit buds 
Early Richmond 1/29 Dormant 2. 07 0.426 
3/30 Bursting 
Montmorency 1/29 Dormant 
3/30 Bursting 
ar, WO aise 1/29 Dormant 
3/30 Bursting 


0.548 
0.643 
0.536 
0.728 
0.607 
0.493 
0.668 
0.560 





29 OF 1G ORO OY NO Be 
wSOaawoawosdem 
DOA~- WR WO DO Ceo 


Cherry blossoms 
Early Richmond ...... 4/26 Full bloom 
Montmorency 4/26 Early bloom 

4/26 Late bloom 





Apple leaf buds 
Red Astrachan 3/25 Dormant 
Yellow Transparent ... 3/30 Dormant | 




















Tables VIII and IX show that in or near the full bloom stage all apple 
blossoms show a higher content of levulose than of either dextrose or sucrose. 
These results are in agreement with those reported earlier (1) for three 
varieties in the years 1942 and 1943 but in which the levulose and dextrose 
were determined on larger samples by macro-methods (6). The predomi- 
nance of levulose in apple blossoms, therefore, as in mature fruit, appears 
to be well established. Still further, tables VI and VII suggest that this 
relationship probably exists at still earlier stages in the winter-dormant and 
bursting bud. 
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Table X shows the average total weight and the average weights of indi- 
vidual sugars present for single buds and blossoms. Here, also, the values 
listed are in general agreement with those reported previously. The larger 
and heavier blossoms (Red Astrachan, Gravenstein, and Stayman Winesap) 
show higher values for total sugars per blossom but calculated to a percent- 
age basis (tables VIII and [X) the different varieties show relatively minor 
differences in total sugar composition. There is, however, considerable vari- 
ation in the relative amounts of individual sugars present in the apple fruit 
buds and blossoms. This is best shown by the ratios given in table XI. 
Ratios for levulose/dextrose in the blossom range from 1.62 for Red Astra- 
chan to 5.34 for Gravenstein ; and levulose /sucrose ratios range from 2.03 for 
Delicious to 5.59 for Melba. Thus it appears that levulose runs approxi- 
mately two to five times as much as dextrose and sucrose and comprises from 
one-half to three-fourths of the total sugars present in the apple blossom. 

Since leaves and wood of fruiting and non-fruiting apple trees showed 
(1) considerably more dextrose than levulose it would seem that the pre- 
dominance of levulose over dextrose is in some manner related to the fruiting 
process and that this relationship obtains in the fruiting organs from the 
dormant fruit bud onward to the ripened fruit. 

In cherry blossoms the levulose/dextrose ratios are similar to those for 
apple blosoms. For cherry blossoms the range is from 1.52 for Early Rich- 
mond in full bloom to 3.29 for Montmorency. On the other hand in the 
cherry fruit bud and blossom, levulose makes up a smaller portion of the 
total sugar content and may comprise less than one-half the total sugar 
present. In this connection it is interesting to observe that in the mature 
fruit of Early Richmond cherries (caleulated from data shown in table IV) 
the percentage content of dextrose, levulose, and sucrose are 4.39, 3.57, and 
zero, respectively. In this instance dextrose exceeds levulose, and sucrose 
is absent in the ripe fruit. 


Summary 


1. The bud and blossom analyses reported in this work were made for the 
individual sugars, using a system of semi-micro determinations. The method 
used to determine levulose differs from any previously reported. 

2. Blossoms of twelve varieties of apples at or near full bloom stage were 
analyzed for individual sugars. Levulose was found to be present in greater 
quantity than either dextrose or sucrose. Fruit buds of two varieties of 
apple were analyzed during mid-winter dormancy and again at the bursting 
stage in early spring. The data show that at these earlier stages, also, levu- 
lose predominates strongly over dextrose and to a lesser extent over sucrose. 
Taken collectively these and previous results indicate that in the apple the 
predominance of levulose over dextrose is related to the fruiting process and 
extends from the dormant fruit bud through the opened flower and on into 
the matured fruit. 

3. Blossoms and fruit buds of three varieties of cherry were analyzed for 
sugars at three stages, from winter dormancy to full bloom. In the cherry, 
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also, levulose was found present in greater amount than dextrose but sucrose 
sometimes exceeded either hexose sugar. In a single analysis of mature 
cherry fruit, dextrose exceeded levulose, and sucrose was absent. 

4. Data are presented showing the average amount of the individual 
sugars present in a single bud or blossom of both apples and cherries at 
several stages of development. 


WEstT VIRGINIA AGRICULTURAL EXPERIMENT STATION 
MORGANTOWN, WEST VIRGINIA 
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THE CAROTENE AND ASCORBIC ACID CONCENTRATION OF 
VEGETABLE VARIETIES' 


LEONARD P. PEPKOWITZ, RUSSELL E. LARSON, 
JOSEPHINE GARDNER, AND GERALDINE OWENS 


(WITH TWO FIGURES) 


The recent interest in the differences in vitamin content among varieties 
of vegetables is a result of increased knowledge of human dietary require- 
ments. The demands of the present war and the establishment of the ‘‘Na- 
tional Cooperative Project for the Conservation of the Nutritive Value of 
Foods’’ have given impetus to such investigations, 

MacLINN, FELLERS, and Buck (7) have reported on the ascorbic acid 
content of varieties and strains of tomatoes. These authors found a varia- 
tion of from 13 to 44 mg. per cent. among 98 different varieties grown at the 
same time. Conversely, CURRENCE (2) showed that differences between 
tomato varieties were indefinite and difficult to demonstrate statistically with 
samples obtained from a field experiment having three replications. WADE 
and Kanapaux (19) showed the. existence of varietal differences in the 
ascorbie acid content of strains of snap beans. Distinct differences were 
found among the leaves of the plants of different varieties, but varietal dif- 
ferences were less definite among the fruits. Pyke (13), on the other hand, 
claimed that no essential differences in the vitamin content of several vege- 
table varieties could be found. The data for pepper varieties reported in 
this paper agree essentially with the values given by BECKLEY and NoTLEY 
(1) and Lantz (3). 

The vegetables studied in this paper were grown during the 1943 spring 
season on Bridgehampton very fine sandy loam having a pH of 6.0—6.5. 
Peas, carrots, and beets were seeded on April 9, May 6, and May 14, respec- 
tively. Peppers were started in the greenhouse on April 7 and transplanted 
to the field June 9. Fertilizer treatments were 1500 pounds of 5—10—5 fertil- 
izer and 8 tons of manure per acre for the carrots and peas. Peppers and 
beets received 1500 pounds of 5—8-7 fertilizer and 8 tons of manure per acre. 
In all cases, rye was seeded annually at the end of each growing season and 
plowed under in the spring. Whenever required, overhead irrigation was 
employed, but no additional fertilizer applications were made during the 
growing season. 

Analytical methods 


Samples were taken at random, but because of the dissimilarity of the 
vegetables investigated, the procedure varied somewhat in minor details. In 
general, the samples consisted of 10-12 beet plants, carrot plants, or pepper 
fruits or 60-70 pea pods gathered at random along a row. With the excep- 
tion of the peas, the samples were washed free from soil and partially dried 


1 Contribution no. 633 of the Rhode Island Agricultural Experiment Station, Kings- 
ton, Rhode Island. 
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by draining. Small longitudinal wedge-shaped aliquots were cut from each 
individual. The sections were mixed and a 30-gram sample taken for analy- 
sis. Peas were shelled, thoroughly mixed, and a 30-gram aliquot weighed. 
The effectiveness of this procedure in minimizing the variations in carotene 
and ascorbic acid content among the individual plants of a given variety will 
be discussed below. 

Carotene was determined by a slight modification (11) of the Pererine, 
WoLMAN, and Hisparp procedure (12) and ascorbic acid by an adaptation 
(10) of the Srorz xylene modification of the 2,6 dichlorophenolindophenol 
method. A Coleman Universal Spectrophotometer was used for both deter- 
minations. 


TABLE I 


VARIATIONS IN ASCORBIC ACID CONCENTRATION AMONG INDIVIDUALS OF GIVEN 
VARIETIES OF BEETS AND PEPPERS 

















BEETS PEPPERS 
(DeEtRoIT DARK RED) ( WINDsoR A) 

Tops Roots FRvItT 
mg. To mg. Yo mg. % 
15.3 9.5 67.5 
15.8 8.1 74.8 
17.0 15.9 75.3 
21.4 14.3 78.8 
21.5 8.7 79.7 
23.5 14.5 81.8 
25.1 9.9 87.3 
26.1 10.5 97.7 
31.3 13.7 100.3 
32.0 11.5 107.3 
sien * 110.6 
RE ae ae 110.9 
‘utes aie 117.4 
suites ioe 119.1 
ce) re! 137.9 
aa 139.9 
RES Ro 153.2 
cake ii 165.9 
C.V.= 25.8 23.0 26.8 











SAMPLING ERROR 


The ascorbic acid concentration among the individual plants of a given 
variety varies considerably. Carotene values, however, are more or less con- 
stant within a given variety. The data in table I demonstrate the variation 
in ascorbie acid concentration among individual beet plants and pepper 
fruits. In order to determine the weight and number of individuals essen- 
tial for a representative sample, the following experiment was devised. 
Peppers were used because of the relative ease of sampling and because the 
values for individual fruits exhibited a wide range. Thus results of this 
experiment may indicate the limits of variability for other vegetables. 

A large number of Windsor A peppers was gathered at one time, care 
being taken to obtain fruits that were nearly uniform in size. The fruits were 
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divided into 12 groups comprised of 4 replicates of 5, 10, and 20 peppers. 
From each group aliquots of 10, 20, and 40 grams were weighed and the 
ascorbic acid concentrations determined. The design of the experiment was 
essentially a split plot type and the statistical analysis was calculated as such. 

It was found that the F values of ‘‘groups of peppers,’’ ‘‘aliquots,’’ and 
the interaction of ‘‘groups x aliquots’’ were below the 0.05 level of signifi- 
eance. The mean values are given in table II. The data indicate that the 
reliability of a 10-gm. sample from 5 peppers was comparable to that of a 
40-gm, sample from 20 peppers. Statistically, the number of values used in 
this analysis is small. Therefore, to insure a margin of safety, 30-gram ali- 
quots from 10—12 fruits were used for the ensuing experiments. 


TABLE II 


MEAN ASCORBIC ACID CONCENTRATION OF WINDSOR A PEPPERS BY VARIOUS 
SAMPLING TECHNIQUES 
































NUMBER OF SIZE OF ALIQUOT IN GRAMS 
PEPPERS - -- - MEAN 
10 20 40 
mg. % mg. % mg. Yo 
5 89.3 87.9 81.6 86.3 
10 81.1 78.2 77.2 78.9 
20 76.9 85.6 81.6 81.4 
Mean 82.4 84.0 80.2 
Results 
. PEPPERS 


Ten varieties of peppers were utilized in the present investigations. 
Samples were taken over a period of eight weeks in order to ascertain the 
effects of maturation on the carotene and ascorbic acid concentration of the 
fruit. The plants, set at 8-inch intervals, were arranged in parallel rows 
30 inches apart. Replications consisted of weekly harvests of large, green 
fruits of marketable size. Mature red fruits were harvested at the end of 
the growing season. 

The average carotene and ascorbic acid concentration of green pepper 
varieties at the marketable stage (131 to 158 days from seeding) are given 
in table III. The variety Storrs 2.41 has consistently been the highest in 
ascorbic acid concentration of the varieties tested in 1943. This variety was 
also high in preliminary trials made in 1942. Windsor A and World Beater 
had the lowest ascorbic acid concentration of the varieties tested in 1943 and 
Windsor A was also low in 1942. 

There did not appear to be any relationship between the shape-types of 
pepper fruits and the ascorbic acid concentration since the 3 highest varie- 
ties, which are not significantly different from one another in ascorbie acid 
concentration, are representative of the three basic types; i.e., variety Storrs 
2.41 is the bullnosed type, variety Early Pimento is a pointed type, and 
Sunnybrook is an apple-shaped variety. 
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TABLE III 
AVERAGE CAROTENE AND ASCORBIC ACID CONCENTRATION OF GREEN PEPPERS 
VARIETIES CAROTENE ASCORBIC ACID 

mg. Yo mg. %o, 
Storrs 2.41 0.39 173.8 
Early Pimento 0.42 167.3 
Sunnybrook 0.34 155.1 
Waltham Beauty 0... ccc 0.40 149.6 
a 0.46 145.1 
King of the North ....................... 0.41 132.9 
Farris Wonder o.com 0.37 113.7 
Charter Oak 0.39 112.4 
I ic ta pnigenene meget 0.34 106.8 
World Beater rien 0.44 104.4 
Mean 0.40 136.1 
Significant differenee .................... 39.3 
Highly significant difference ....... 53.9 








No significant variation in carotene concentration among the varieties 
could be demonstrated. However, the degree of maturation as indicated by 
the size of the fruit had a decided effect. The larger or more mature the 
fruit, the greater the concentration of ascorbic acid and the smaller the con- 
centration of carotene in the edible portion prior to the red stage. These 
observations were demonstrated in the following experiment. 

Fruits of 4 representative varieties were collected at the same time 
including all stages of maturity. These were then segregated into varietal 
size classes and analyzed. The results are shown in table IV. The increase 
in concentrations of ascorbic acid with increase in size of fruit indicates a 
synthesis and accumulation of ascorbic acid during maturation ; but whether 
the ascorbie acid is synthesized by the fruit directly or synthesized in the 
leaves and translocated to the fruit is not indicated from the data obtained 
in the present experiment. 


TABLE IV 


VARIATION IN ASCORBIC ACID AND CAROTENE CONCENTRATION WITH SIZE 
OF PEPPER FRUITS 






































ASCORBIC ACID CAROTENE 
VARIETY $$ —___}—__— ——_—____— . 
SMALL* MEDIUM LARGE SMALL L is LARGE 
mg.% | mg.% mg.% | mg. % mg. Q%. | mg. % 
Windsor A ............... 61.3 78.5 81.6 0.76 0.52 0.49 
Oshkosh is 49.9 80.5 109.6 1.55 0.75 0.59 
Sunnybrook ...... 59.7 | 112.8 115.5 0.76 0.45 0.36 
Storrs 2.41 93.5 150.5 173.2 0.61 0.40 0.41 
* Size classes Diameter in em. Length in em. 
Small 1.5-3 1-6 
Medium ...... 3-5 6-8 
Large 5-7 8-12 
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On the other hand, the decrease in concentration of carotene is probably 
a direct result of the decrease in the ratio of surface area to the weight of the 
edible portion as the pepper increases in size. Since the carotene is concen- 
trated in the green areas of the fruit, a decrease in carotene concentration 
is to be expected with the increase in size. An analogous case was found by 
McHenry and Granam (5) for ascorbic acid concentration of tomatoes 
where ascorbic acid is concentrated in the skin. A decrease in size of the 
tomato increased the concentration of ascorbic acid and vice-versa. This is 
directly in opposition to the above observations on ascorbic acid in peppers 
and is further evidence that ascorbic acid is accumulated or synthesized by 
the fruit. 

The distribution of ascorbic acid in the various parts of the pepper fruit 
is of interest. For fruits harvested on the same day the greatest concentra- 
tion of ascorbic acid was in the external portions of the pepper fruit, proba- 
bly immediately adjacent to the epidermis (102.3 mg. per cent.), less in the 
pericarp (78.7 mg. per cent.) and least in the placenta and seeds (17.0 mg. 
per cent.). Considering the edible portion from stem end to blossom end, 
the stem end had the least (84.4 mg. per cent.), the central portion an inter- 
mediate amount (92.2 mg. per cent.) and the blossom end had the most 
(102.2 mg. per cent.). The figures represent average values and are to be 
considered relative, since they were obtained from the variety Windsor A 
and would not be the same in absolute values for other varieties. 

The accumulation of ascorbic acid in the skin of fruits appears to be quite 
general. The results reported by BeckLEy and Not.ey (1) confirm the data 
given here since they also found that ascorbic acid is concentrated in the 
external portions of peppers. WoKEs and OrGan (21) found ascorbic acid 
concentrated in the skin of tomatoes while a similar distribution was found 
for apples (9) and peaches (16). 

The ripening of peppers to the red stage has a considerable effect on the 
carotene and ascorbic acid concentration. The carotene concentration in- 
ereased, on the average, from 0.4 mg. per cent. in green fruit to 13.1 mg. per 
cent. in red fruit or an increase of 3,175 per cent. That the increase is 
caused by carotene and not other carotenoid pigments is confirmed by LANTz 
(3) who obtained similar results using a more specific chromatographic 
method of analysis which was checked against a bioassay procedure. Some 
of the individual fruits assayed as high as 20 mg. per cent. while others were 
as low as 5 mg. per cent. Whether or not these wide variations are a func- 
tion of the degree of ripeness as indicated by the intensity of the red color 
was not determined but casual observation indicated that such a relationship 
may exist. Because of the extremely high carotene content of red peppers, 
the suggestion is made that they would be an admirable source of a carotene 
supplement for both animal feeds and the human diet provided they proved 
sufficiently palatable when dried and ground. 

The ascorbie acid concentration of red peppers increased approximately 
49 per cent. above the average value for green peppers; i.e., from a mean 
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value of 136.1 mg. per cent. for green peppers to 202.5 mg. per cent. for red 
peppers. Similar results for both carotene and ascorbic acid in green and 
red peppers have been reported by Lantz (3) and for ascorbie acid, by 
Becktey and Notuey (1). 

PEAs 


Samples for vitamin analyses were obtained from a split-plot field test 
of six varieties of peas planted at five different spacings in each of eight 
replicates. The different spacings were 0.5, 1.0, 2.0, 4.0, and 8.0 inches 
between plants in rows 3 feet apart. However, for comparisons of the varie- 
ties samples were taken at the one-inch spacings only. Samples of the Blue 
Bantam variety were taken from each of the five different spacings for all 
replicates to determine the effect of spacing. 

The mean ascorbic acid and carotene values obtained at the best market- 
able stage (an average for all varieties of 76 days from planting) are given 


TABLE V 


CAROTENE AND ASCORBIC ACID CONCENTRATION OF PEA VARIETIES 





























CAROTENE ASCORBIC ACID 
VARIETY — ee 
MATURE OVERMATURE MATURE OVERMATURE 
mg. % mg. Yo mg. % mg. % 
Nott’s Exeelsior ........................ 0.33 0.45 37.6 26.5 
Laxton ’s Progress 00.0... 0.42 0.39 37.3 23.9 
Lae. Maree! ou... 0.44 0.45 37.1 20.8 
+ SES 2 0.39 0.37 36.6 21.8 
; 0.39 0.42 35.6 23.5 
Improved Gradus 00... 0.40 0.32 34.5 21.8 
RR a 0.40 0.40 36.5 23.1 
Significant difference ............... 0.07 1.7 
Highly significant difference .. 2.3 








in table V. The differences between certain varieties are statistically signifi- 
cant and may be of interest to plant breeders and workers in related fields. 
Nott’s Excelsior, Laxton’s Progress, and Little Marvel were highest in 
ascorbic acid concentration and Little Marvel was the highest in coneentra- 
tion of carotene. Improved Gradus was the lowest in ascorbic acid content 
and Nott’s Excelsior lowest in carotene. From the nutritional point of view 
the differences existing between these varieties although statistically signifi- 
cant, are relatively minor and no outstanding variety can be designated. 
When the peas were overmature for table use (88 days from planting for 
most of the varieties) the ascorbic acid concentration decreased as indicated 
in table V. There was an average decrease of 37 per cent. compared with 
the best marketable stage. MAck, TRESSLER, and Kine (6) found a similar 
decrease in the ascorbic acid concentration of peas but ascribed the decrease 
to an accompanying increase in the carbohydrate content of the pea during 
maturation. The carotene values showed only slight changes with over- 
maturity. StTmMson, TRESSLER, and MAyNArp (18), however, indicate that 
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TABLE VI 


THE EFFECT OF SPACING ON THE ASCORBIC ACID AND CAROTENE CONCENTRATION 
or BLUE BANTAM PEAS 














SPACING BETWEEN PLANTS | ASCORBIC ACID — RELATIVE YIELDS 
in. mg. % mg. Jo 
0.5 22.9 0.48 100 
1.0 23.2 0.41 110 
2.0 25.3 0.46 89 
4.0 26.5 | 0.49 71 
8.0 27.0 0.44 50 
Significant difference .......... ae 0.95 
Highly significant difference ... 1.33 | 








less mature peas may be higher in carotene than more mature ones but no 
data are presented to substantiate the suggestion. 

Increasing the spacing between the individual plants increased the 
ascorbic acid concentration of the variety Blue Bantam. No such effect on 
the carotene content was observed. The data obtained are presented in 
table VI and illustrated in figure 1. 

There may be a direct causal relationship between the spacing of the 
plants and the ascorbic acid content of the fruit due to the amount of sun- 
light reaching the plants. Rem (14, 15) has indicated that the synthesis of 
ascorbie acid in cowpeas is associated with light through the produétion of 
carbohydrate by photosynthesis. Wokes and OrGANn (21) have shown in- 
creases in ascorbic acid content of tomatoes ripened in the light over fruit 
ripened in the absence of light. 

At the 1-inch spacing the correlation between ascorbic acid concentration 
and yields of different varieties was 0.041 which indicates no relationship 
between these factors. 
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Fig. 1. Graphs showing the variations in ascorbie acid concentration, carotene con- 
centration, and yields of Blue Bantam peas at five different spacings between the plants. 
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Considering yield, seed conservation, and ascorbic acid concentration, the 
l-inch planting is preferable, since the yield is adversely affected by the 
greater spacings (4) and the increase in ascorbic acid concentration is of 
negligible economic importance. 


BEETs 


Five varieties of beets were grown and samples taken at 5 weekly inter- 
vals. Since beet greens as well as the roots are used for food, both tops and 
roots were analyzed for carotene and ascorbic acid. No carotene could be 
detected in beet roots at any stage of growth by the method of analysis used. 
The mean values obtained are presented in table VII. 

Beet greens are comparatively high in carotene and contain approxi- 
mately 2.5 times as much ascorbic acid as the roots. There does not appear 
to be any notable difference in carotene concentration among the tops of 


TABLE VII 


CAROTENE AND ASCORBIC ACID CONCENTRATION OF BEET GREENS AND ROOTS 























CAROTENE ASCORBIC ACID 
VARIETY -- oe 

Tops Tors Roots 

mg. % mg. % mg. % 
Black Feed Bah on.........ccccccccsscsssssscesssseun 2.9 35.6 15.9 
Detroit Dark Red-Short Top ........ 2.7 34.8 13.8 
Crosby Egyptian .....0..0...ccccccco = 2.7 32.6 13.4 
Detroit Dark Red oo. 3.0 31.1 13.4 
Boston Crosby ...cccccccscescrsceesce 2.8 28.6 13.0 
bo BNE ORE eat ya ee 2.8 32.5 13.9 
Significant difference .................... 3.7 i 
Highly significant difference .......... 5.1 








the 5 varieties investigated. However, significant differences did exist in 
the ascorbic acid concentration of the greens. This would indicate that the 
ascorbie acid concentration of the leaves is partially determined by the 
variety. Black Red Ball was the highest of the varieties considered. This 
conclusion was substantiated by data obtained from beets grown at Newport, 
Rhode Island (Bernardston loam), where Black Red Ball was 39 per cent. 
higher than the average of the other varieties considered. 

No uniform change in either carotene or ascorbic acid could be found 
with maturation. The young plants had, on the average, as much carotene 
and ascorbic acid per gram as did the mature plants. On the other hand, 
within a given variety, considerable variations in concentrations of these com- 
ponents were observed from week to week. These fluctuations were more or 
less uniform among all the varieties; that is, all decreased or increased in 
approximately the same proportions. This phenomenon was undoubtedly 
caused by some external environmental factor or factors, but no correlation 
with any definite factor could be made from the data of the present experi- 


ment. 
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The distribution of ascorbic acid in the beet leaf between leaf blade and 
petiole is of interest from the nutritional viewpoint. The leaf blade con- 
tained 30.0 mg. per cent. while the petiole had 4.4 mg. per cent. Therefore, 
the petiole may be discarded without serious loss of ascorbic acid, resulting 
in a more palatable product and making possible the use of older leaves for 
greens. 

CARROTS 

The average carotene concentrations of carrots reported in the current 
literature vary considerably. Some correlation has been shown to exist be- 
tween carotene concentration and intensity of pigmentation. Smirx and 
Otis (17) have shown that light colored carrots have only one-tenth the caro- 
tene content of more deeply pigmented individuals. The present study 


TABLE VIII 


CAROTENE CONCENTRATION OF TEN CARROT VARIETIES AT FOUR DIFFERENT 
PERIODS OF GROWTH 
































NO. OF DAYS FROM SEEDING TO HARVEST 
VARIETY ——<- — MEAN 
76 | 88 90 97 
mg: % | mg. % mg. I mg. % mg. % 
Danvers Half-Long .................... 4.45 | 5.08 7.12 5.73 5.59 
Tem@ersweet ..acccscccecsescesecsenn 3.38 4.29 6.35 5.12 4.78 
Chantenay Oregon Long ......... Se ee ee 4.97 4.70 
I ipso scntaes thgantncecce 4.32 3.97 6.26 5.14 4.92 
Coreless Chantenay .................... 3.84 4.14 | 6.06 5.77 4.95 
I sagscshartetaniemtenedeeore 3.90 3.34 5.97 | 5.13 4.58 
NIN is ceca ehncnti nastiness 3.88 3.96 5.89 4.89 4.66 
4 . 4.01 4.76 561 | 491 | 4.82 
Improved Nantes Coreless .... 3.70 4.38 | 5,60 4.06 | 4.44 
SO) 0) Soins 1 Se 2.83 | 42.70 3.2 3.12 
{a ah 8 4.05 | 5.89 | 4.90 | ‘eit 
Significant difference .........| 0.54 | 1.04 | 0,92 12s | 0.36 
Highly significant difference | 0.74 =| :- ae | 0.52 


* Significant difference for means of successive sampling dates 0.86. 
Higbly significant difference for means of successive sampling dates 1.31. 








shows the existence of differences in carotene concentration among the varie- 
ties considered as well as the effect of varietal size-types and maturation. 

Ten varieties of carrots were grown using a randomized planting plan 
with three replications. Samples were taken at weekly intervals for four 
weeks to obtain data relating the carotene concentration to maturation and 
varietal differences, 

The data given in table VIII indicate that there were highly significant 
differences between certain varieties investigated. Danvers Half-Long had 
the highest concentration of carotene at all stages of growth while Hutchin- 
son had the lowest. It appeared that these differences were associated with 
the intensity of color of the carrot which is in agreement with the observa- 
tions of Smiru and Otis (17). Hutchinson is a light yellow variety while 
Danvers Half-Long is a more deeply pigmented type. The average carotene 
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concentrations of the 10 varieties at each harvest date are given in table 
VIII. At the best marketable stage, an average for all varieties at 90 days 
from planting, the carotene concentration was at a maximum as indicated 
in the third column of table VIII. This stage may be taken as representa- 
tive of the relative carotene concentrations. 

Under the conditions of the experiment all varieties increased in carotene 
concentration upon maturation, reaching a maximum approximately 90 days 
after planting. The mean values of all varieties at each harvest date are 
plotted in figure 2. Similar results with carrots were described by MAGRUDER 
(8) who found an increase in the carotene concentration during the first 
hundred days of growth. WeErNer (20) also showed a similar variation for 
carotene content in the varieties Red-Cored Chantenay and Nantes. Tender- 
sweet provided a striking example. At the first sampling (76 days from 
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Fig. 2. The effect of maturation on the carotene concentration of carrots. The indi- 
vidual points are the average of ten varieties at each harvest. 





seeding) this variety was relatively very low in carotene concentration (3.4 
mg. per cent.). However, as these carrots matured, a rapid accumulation of 
carotene occurred so that by the 90th day, the carotene concentration was 
6.4 mg. per cent., or second highest of the varieties considered. The rapid 
inerease in carotene concentration was accompanied by a decided intensifi- 
cation in the pigmentation of the carrot. 

Maturation implies an increase in size and bears a direct relationship to 
carotene concentration within a given variety as indicated above. The ques- 
tion arises: do the large-sized carrot varieties contain more or less carotene 
per 100 grams than do the small-sized varieties? The degree of association 
between the average size of individual carrots and the carotene concentra- 
tion for the varieties was computed. A correlation coefficient of —0.861 was 
obtained indicating a highly significant inverse relationship. No association 
(r = 0.227), however, is apparent between the shape ratio (width/length) 
and carotene concentration in the varieties considered. Therefore, the great- 
est concentration of carotene would be expected in the smaller-sized varieties 
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approximately 90 days from seeding as exemplified by Danvers Half-Long. 
Conversely, the smallest carotene concentration would be found in the early 
stages of growth of the large-type carrots typified by Hutchinson. 


Summary 


1. Definite varietal differences in the ascorbic acid concentration of vari- 
ous varieties of spring crops of beets, peppers and peas and in the carotene 
concentration of carrots are indicated by the data. However, no significant 
differences in the carotene concentration of varieties of beets, peppers, or 
peas could be found. 

2. The degree of maturation had a marked effect in most of the crops con- 
sidered. Green peppers when fully grown had considerably larger concen- 
trations of ascorbic acid than did the smaller immature fruits; but the large 
peppers had smaller concentrations of carotene compared to the younger 
fruits. Ripening of the fruit to the red stage increased the carotene concen- 
tration approximately 3,175 per cent. while the ascorbic acid concentration 
increased 49 per cent. above the average values for green peppers. 

3. As an average for all varieties studied overmature peas decreased 39 
per cent. in ascorbic acid concentration, compared to the best marketable 
stage, but no significant change was observed in the carotene concentration. 

4. No effect of maturation could be detected for beets. 

5. Carrots increased in carotene concentration during maturation, reach- 
ing a maximum approximately 90 days from seeding for the varieties con- 
sidered and then decreased. _ 

6. An inverse relationship between size-types of carrots and carotene con- 
centration (r=—0.861) was found, indicating that the large-type strains 
had less carotene than the small-types. No association (r = 0.227) was ap- 
parent between shape ratio (width/length) and carotene concentration in 
the carrot varieties considered. 

7. A marked effect of spacing of the plants on the ascorbic acid concen- 
tration of peas was evident. The wider the spacing, the greater the ascorbic 
acid concentration. Spacings greater than 1 inch, however, resulted in 
markedly decreased yields. 

8. The highest concentration of ascorbic acid in peppers is in the exter- 
nal portions, decreasing in the pericarp, and is least in the placenta and 
seeds. Similarly, the blossom end has a greater concentration of ascorbic 
acid than does the stem end. 
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SPECTROSCOPIC STABILITY OF CHLOROPHYLLS a AND b AND 
CERTAIN ANALYTICAL CONSIDERATIONS! 


FP. P. Zscueite, C. L. Comark, anvd D. G. Harris? 


Since the spectroscopic properties of chlorophylls a and b in ether solu- 
tion have been accurately determined (6, 18) and their analytical value 
demonstrated by successful direct application to the spectrophotometric 
analysis of plant extracts (2, 3, 4), it is important for the practical use of 
this method that further limiting factors be considered. This paper presents 
observations over considerable periods of time on the spectroscopic stability 
of chlorophylls a and b in the purified condition, in extracts, and in plant 
material. More extensive observations are now available than in the studies 
reported earlier (4,18). Effects of acid and solvent impurities on spectro- 
scopic properties of chlorophyll were aiso studied. 


Experimentation 
STABILITY OF PURE PREPARATIONS 


The spectroscopic characteristics of chlorophyll have been shown to be 
extremely sensitive to conditions of preparation, such as drying (18) and 
exposure to acid. Ether solutions have especially desirable properties for 
spectroscopic measurements (6, 18) and the ratio of absorption values at 
certain wavelengths has been found convenient for the rapid testing of 
preparations for spectroscopic purity. To the R, and R, values* used origi- 
nally (18) have been added the R’, and R’, values (6), which are valuable 
in the study of purified preparations. Unless otherwise noted, all such ratios 
reported here were determined for ether solutions and storage conditions 
were at temperatures of 0 to 5° C. or lower. The importance of low-tem- 
perature storage in avoiding isomerization is apparent from the work of 
Straw and Mannine (15), although the very slight spectroscopic differences 
which they found between the isomeric forms of components a and b mini- 
mize isomerization difficulties in analytical practice. All storage experi- 
ments were conducted in darkness, due to the sensitivity of chlorophyll solu- 
tions to light (1,18). The storage studies were designed primarily for ether 
solutions. The miscellaneous observations reported on dried samples are of 
several types. The samples labeled (original) were stored dry for the indi- 
cated period while values labeled (redried) include effects of both storage 
and redrying. Drying was performed under reduced pressure or high 
vacuum without a drying agent, unless otherwise noted. 


1 Journal Paper no. 157, Purdue University Agricultural Experiment Station. 
2 Purdue Research Foundation Fellow. 
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TABLE I 
EFFECT OF STORAGE ON SPECTROSCOPIC PROPERTIES OF PURIFIED CHLOROPHYLL a 
R, 
SAMPLE STORAGE TIME ewer hice 
SOLUTION 

iS 1* 0 50.8 
.o 8 days 49.1 46.9 
. 2 weeks 48.0 32.6. (redried) 
A 3 weeks 45.7 34.2 (kept in solution for 2- 
a week period) 
a 4 weeks 46.0 
$e 19 months 37.5 

2 0 49.7+t 49.7+ (original) 
' r 1 month 46.2 47.5 (original) 
= 9 months 19.6 














* Sample 1 was reported as sample II [ (18), p. 474}. 

t Sample 2 had been in the dry condition 10 weeks before this storage study was 
begun. It had been dried in vacuo over P.O, (11, 19). Its initial value of R, is un- 
known. 








Table I presents the changes in R, for several samples during rather long 
storage periods. It is apparent that chlorophyll @ is reasonably stable in 
ether solution for four weeks. After this period of time, sample 1 produced 
no gray zone on a sucrose column, the appearance of which would have 
indicated pheophytin formation. Such degradation as had occurred was 
detected only spectroscopically. 

Sample 2, a very excellent sample of dried chlorophyll a, prepared by 
MAckKINNeEy for interlaboratory comparison (19), showed slightly more 
deterioration on storage in ether solution after one month than when kept 
4 dry for two months. 

The chlorophyll a prepared at Purdue University and employed in the 
same interlaboratory comparison (19) was observed during storage; the R, 
values are presented in table II. It is interesting that this particular prepa- 
ration had deteriorated as much in 8 weeks as the first preparation described 
above had deteriorated in 19 months, and its R, value continued to decrease 


TAREE do ty 























TABLE II 
EFFECT OF STORAGE ON SPECTROSCOPIC PROPERTIES OF PURIFIED CHLOROPHYLL a 
R, 
S s ETHER 
AMPLE TORAGE TIME ETHER SOLUTION <n 
SOLUTION (OVER SODIUM 
SULPHATE ) 
3 0 52.5 
8 weeks 36.4 82.7 (original) 
| 8 weeks, 1 day | 36.5 37.2 26.8 (redried) 
8 <* | 5 days 35.8 37.0 | 27.4 (original) 
ca aie 34.6 34.7 26.4 (original) 
| 
| 


| 2 31.8 
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during the following 7 weeks. Sample 3 had been manipulated through an 
extra washing and precipitation procedure to remove carotenoids and this 
extra treatment may have been responsible for its comparatively rapid 
degradation on storage. The dry samples 1 (redried) and 3 (original) had 
equal R, values after 2 and 8 weeks, respectively. The original dried sam- 
ple 3 had the same R, value at 12 weeks that the redried sample had at 8 
weeks. Redrying ether solutions accelerated the decline in R, and a study 
of sample 3 dried on powdered glass confirmed previous results (18), giving 
an R, value as low as 24.8. 

A very old preparation, isolated by adsorption on tale and stored dry at 
room temperature or below for 9 years, had an R, value of 25.8. 





. , . R’ 90 ° 
Changes in R’, and the ratio R (se) are also of interest. <A study of 
a \ 26600 


these values for samples 4 and 5 is reported in table III. These data indi- 


TABLE III 


EFFECT OF STORAGE ON SPECTROSCOPIC PROPERTIES OF PURIFIED CHLOROPHYLL @ 
IN ETHER SOLUTION 

















, 
SAMPLE STORAGE TIME 2 | R’, a 
4 0 52.6 | 70.0 | 1.34 
11 months 46.8 62.1 1.33 
12 6 46.7 62.1 1.33 
39 $s 33.3 45.7 1.37 
| 
5 0 53.4 
22 months 45.6 60.8 1.33 








eate changes in R, on storage up to 36 per cent., with the value of R’, 
changing in practically the same proportion. Another preparation had eor- 
responding initial values as follows: R, = 50.5, R’, = 67.3, and R’,/R, = 1.33. 
Still another sample was stored in acetone for 23 months, then transferred 
to ether and its ratio values determined. R, had decreased to 48 per cent. 


, 
a 


R, 
was 1.34. However, R, is of more utility than R’, because in the former case 
traces of carotenoids do not influence the estimation of degradation. 

The chlorophyll a sample used for absorption curves published earlier 
(17) was kept dry at +5° C. for 114 years. It had been dissolved in ether, 
filtered, and redried once during this storage period, at the end of which its 
R, and R’,/R, values were 38.0 and 1.39, respectively. Its original R, and 
R’,/R, values were 40.6 and 1.32, respectively, as measured with a single 
monochromator (17). An ether solution of this preparation, kept 74 years, 
part of the time at room temperature, had an R, value of only 17.8. 

Further data are now available to supplement the study on chlorophyll b 
reported earlier (18), and are presented in table IV for samples 6 and 7. 
The dry samples labeled (in solution) were stored in solution from the five- 





of its initial value of 52.6. R’, decreased in the same proportion since 
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, 





b . 
ratio 
R, 


remains relatively constant, even though the preparation is much decom- 
posed by drying. 
The sample of dry chlorophyll b used in an interlaboratory comparison 


, 
b 


day period. In the case of component b also, the corresponding 








In 80 per cent. acetone, the corresponding 
b 


values were 2.86 and 2.89, as calculated respectively from the California and 
Purdue data (19). The similarity of these values for ether and 80 per cent. 
acetone solutions agrees with that found for acetone and ether solutions (6). 
In 9 months the R, value of a solution of dried component b decreased from 
12.7 to 4.23. 

Sample 7 was much more stable in ether solution than sample 6. A sam- 
ple of b kept 23 months in acetone, had R,, R’», and =A values of 13.8, 40.3, 

b 

and 2.92, respectively, as measured in ether, a 25 per cent. decrease from the 
original values of R, and R’,. 

The ratios i and = are thus useless alone and cannot be considered 

b 

as criteria of purity for chlorophyll components. 





STABILITY OF PLANT EXTRACTS 
The spinach extract studied earlier | (4), table VI] showed good stability 
in ether for 14 weeks. At the end of 8 months at 5° C., analyses on this 
extract were 7.28 mg./l. total chlorophyll, with 67.4 per cent. component a, 
considerable deterioration having occurred. An ether extract from fresh 
tomato leaves was analyzed at intervals noted in table V. 


TABLE V 


EFFECT OF STORAGE ON CHLOROPHYLL ANALYSIS OF ETHER SOLUTIONS FROM 
TOMATO LEAF EXTRACT 




















6600-6425 . A CHECK WAVELENTHS (4) 
STORAGE TIME |_ ,, ibd eae ik alate ip Sep eg 
TOTAL 
—. O° Y * 
ar— 20° C. CHLORO- — 6000A | 5810A 6130 A 
PHYLL 
mg./l. % a mg./l. mg./l. % a 
0 26.1 74.1 28.1 27.6 73.5 
| 
14 weeks 25.9 74.3 27.5 | 28.1 74.8 











EFFECT OF LEAF STORAGE ON CHLOROPHYLL ANALYSIS 


Fresh corn leaves were stored at — 20° C. for 1 month without influencing 
the chlorophyll analyses appreciably (4). Other aliquots were stored fresh 
frozen and fresh in acetone for 15 months. After 7 months’ storage, the 
total chlorophyll had decreased excessively in each case. After 15 months’ 
storage, the other wavelengths (6130, 6000, 5810, 5680 A) which originally 
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checked the results from the 6600-6425 A combination in the ease of fresh 
corn leaves [ (4) table V] did not give results approaching those from 6600— 
6425A. The percentage component a remained constant in the samples 
stored in acetone and the fresh sample in acetone retained more chlorophyll 
after 7 months than the fresh frozen sample. Corresponding experiments 
on samples dried in a vacuum oven at 40° C. showed that chlorophyll was 
retained better under acetone, although drying is not recommended due to 
losses and difficulty of extraction. Storage fresh under acetone was also the 
best of these conditions for retention of carotene. The desirability of ace- 
tone applies only to long storage periods and might not apply to periods 
between 1 and 7 months. 


SPECTROSCOPIC EFFECTS OF SOLVENT IMPURITIES OR MIXTURES 


Ethanol is a frequent contaminant of diethyl ether. The major red 
maximum of chlorophyll a was studied in purified ether with the addition 
of 3 per cent. ethanol (by volume). After correction for the dilution it was 
found that the addition of ethanol had lowered the maximum absorption 
2 per cent. and had shifted the position of this maximum a secant 5 A toward 
the red. Since acetone is frequently used for extraction, a solution of this 
same chlorophyll sample was prepared with ether which had contained acetone 
and had been previously washed repeatedly with water. The maximum was 
shifted 5 to 10 A but the maximum absorption was unchanged. At 6600 A, 
however, the absorption had decreased 1 per cent. This indicated incom- 
plete removal of acetone by the washing procedure. The addition of 3 per 
cent. methanol to an ether solution caused a more pronounced effect, a shift 
of the maximum position 10 A toward the red and a decrease of 5.5 per cent. 
in the absorption at 6600 A. 

Corresponding changes were greater with component b. The addition of 
3 per cent. ethanol and methanol caused wavelength shifts in the major red 
maximum of 15 and 25 A, respectively, toward the red with corresponding 
decreases of 8 and 16 per cent. at the absorption maximum (10 and 19 per 
cent. at 6425 A). 

Water was added to solutions of chlorophylls a and b in acetone to bring 
the water concentration to 20 per cent. With component a the maximum 
was shifted 25 A toward the red, with a decrease in maximum absorption of 
3 per cent. -The decrease at 6615 A, however, was 6 per cent. With com- 
ponent b the maximum was shifted 10 to 15 A from 6435 A and maximum 
absorption decreased 4.8 per cent., with a 5.7 per cent. decrease at 6435 A. 

The addition of 20 per cent. hexane to ether solutions of chlorophyll a 
did not change either the position of the maximum or the magnitude of the 
absorption. The same constancy prevailed when a 3 to 1 mixture of com- 
ponents @ and b was used. 

EFFECT OF ACIDS 


The presence of acids in plant extracts is always a possible source of error 
in spectrophotometric analysis of chlorophyll because free acids may cause 
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the removal of Mg from chlorophyll with the consequent formation of 
pheophytin. The utility of the R, and R, values (6, 18) arises from the fact 
that the wavelengths were chosen to make the ratio most sensitive to phe- 
ophytin contamination (18), since this is a common degradation product of 
chlorophyll. The spectra of chlorophylls a and b, treated with HCl, were 
published with the spectra of chlorophylls a and b in ether solution (18). 
Later, when the chlorophylls were studied in numerous other solvents (6), 
they were treated with acid and the corresponding pheophytins studied 
spectroscopically. 

Solubility of the acid presents a problem with some solvents. Concen- 
trated HC) was satisfactory for methanol, ethyl ether, acetone, 2-methyl-1- 
propanol, 1-butanol, 1,4-dioxane, and 2-ethyl-l-hexanol. Monochloracetic 
acid gave satisfactory pheophytin solutions in cyclohexane, benzene, methyl 
oleate, and carbon tetrachloride. The curves were similar in characteristics. 
All had the lowest minimum (in the visible region) near 5820 A and charac- 
teristic maxima near 5050, 5350, and 6100 A, in addition to the more promi- 
nent maxima in the violet and red regions. In most solvents only a region 
of inflection remained in relative positions corresponding to those of the 
minor blue maxima of the chlorophyll. 


Discussion 


In the use of chlorophyll preparations for comparison of various spectro- 
photometers, the dependability of spectroscopic properties is important, 
because an appreciable lapse of time must often occur between readings on 
different instruments. The factors which influence the stability of pure 
chlorophyll present a complicated problem. An important factor is the 
preparative procedure employed. It has been demonstrated that ether solu- 
tions of purified chlorophy!! a can be used over an appreciable time (2 to 3 - 
days) for interlaboratory comparison (19). Data reported here and else- 
where (18) indicate that such solutions remain practically unchanged for 
one to two weeks if kept at a low temperature in the dark. Dry chlorophyll 
samples, however, do not appear to have general applicability until the fae- 
tors affecting the rate of deterioration during and after drying are better 
understood. Greater uniformity in behavior must be obtained with differ- 
ent preparations and this remains an important problem for future work. 
Our position on this subject is the same as reported earlier (6). No com- 
mercial sample of solid chlorophyll examined in these laboratories had 
absorption coefficients approaching those of good undried samples prepared 
here. 

Analytical values indicate good spectroscopic stability of chlorophyll in 
plant extracts for 14 weeks. Such results from the use of different wave- 
lengths are very sensitive to spectroscopic changes. Recently a plant extract 
has been successfully employed by Comar, BENNE, and ButeEyn (8) for eali- 
bration of a commercial colorimeter for use in analysis for total chlorophyll, 
and it was shown that much more accurate results were obtained with this 
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standard (determined spectrophotometrically ) than with any of three dried 
chlorophyll preparations available. One of the writers has obtained satis- 
factory agreement in an interlaboratory comparison (2) between the Purdue 
instrument (18) and a commercial spectrophotometer in a study of a tomato- 
leaf extract. It thus appears that plant extracts can be used advanta- 
geously for calibration purposes and interlaboratory comparisons. CoMAR 
analyzed eleven other different plants with a commercial spectrophotometer 
(2) and obtained satisfactory agreement among results from different wave- 
lengths. The continued improvement of the moderately priced types of 
photoelectric spectrophotometers in recent years assures the practicability 
of these analytical methods in many laboratories. 

In the practical and wide application of a spectroscopic method for aceu- 
rate chlorophyll analysis (4), particularly for cases in which either an 
immediate complete analysis or even an extraction of fresh plant material 
may be inconvenient or impossible, the spectroscopic stability of the chloro- 
phyll in the extract or in the stored plant material is of prime importance. 
This problem often arises during collection trips when the plant material or 
extract must be stored for a considerable time before it reaches the spectro- 
scopic laboratory. 

If extracts cannot be made soon after picking the plant material, immedi- 
ate freezing is advisable. Corn leaves may be kept as long as four weeks in 
this manner at— 20° C. Blanching is not desirable since heat usually causes 
chlorophyll degradation (5,13) or isomerization (15). Even an instantane- 
ous immersion of the leaf in boiling water will cause degradation of the 
chlorophyll in some plants (10, 11). Unpublished work in this laboratory 
indicates that storage in acetone at — 20° C. is satisfactory for a period of 
one week in the case of corn leaves. MILLER and JOHNSON (14) stored fresh 
corn leaves at —- 15° C. for three months. They found only slight differences 
between results on samples stored with and without acetone. Losses were 
not reported. They preferred cold storage without acetone. With some 
plants storage in acetone should be avoided owing to hydrolysis of chloro- 
phyll (10, 16). 

MAckinney (10) has discussed in considerable detail the changes in leaf 
chlorophyll found after leaves have been killed by various methods. A con- 
siderable body of recent evidence indicates the desirability of rapid extrac- 
tion from fresh leaves with acetone and the satisfactory nature of results 
obtained by this method in most cases (2, 10, 11, 12). The chlorophyll pig- 
ments of some plants, notably certain algae, cannot be completely extracted 
with acetone. In such cases, methanol is satisfactory for extraction. Trans- 
ference to ether is simple from either acetone or methanol. 

Aleohols appear to be more objectionable than acetone as contaminants 
in ether solutions, due to the change caused in spectroscopic properties of 
chlorophyll. Certain effects of mixed solvents upon absorption of light by 
chlorophyll solutions have been discussed by Mackrnney (12). Automati- 
cally controlled devices (5, 7,9) for washing more polar solvents from ether 
solutions are very helpful in analytical and preparative work. 
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As much as 20 per cent. hexane may be present in an ether solution of 
chlorophyll without any appreciable change in absorption, at least in the 
red region. Hence, no spectroscopic discrepancy due to mixed solvents is 
to be expected in the preparation of purified chlorophyll components (in 
solution) by elution with ether from an adsorption column that is still wet 
with the original petroleum ether solution (18). 

In the analysis of fresh tissue the conversion of chlorophy|! to pheophytin 
should be avoided entirely if possible ; otherwise the accuracy of the analysis 
will be decreased. An accurate analysis does not appear feasible for a four- 
component system consisting of two chlorophylls and two pheophytins, nor 
does it appear advisable to convert chlorophylls deliberately to pheophytins 
for analysis because of the probability of side reactions and the decompo- 
sition of pheophytin (6, 8, 18). For these reasons, the absorption curves 
of the pheophytins have not been so precisely determined as have the curves 
of chlorophylls a and b. 

Addition of magnesium carbonate to the sample during acetone extrac- 
tion (4, 6) is desirable to minimize pheophytin formation. This is a pre- 
caution which does no harm and which might make possible the otherwise 
difficult analysis of certain tissues having unusually acidic cell sap. As 
pointed out by MAcKINNEy (12), transference from acetone to ether is neces- 
sary to permit removal of water-soluble pigments such as anthocyanins. 
After transference to ether, such extracts may be kept for a considerable 
time before analysis if maintained in the dark at a sufficiently low tempera- 
ture (5° C.). Substantially identical results for total chlorophyll and per- 
centage composition were obtained for a-spinach leaf extract stored 14 weeks 
at 5° C. (4), and for a tomato leaf extract kept the same length of time at 
- 20° C. 

In cases where pheophytin formation cannot be avoided (such as in most 
dehydrated tissues), the total chlorophyll and pheophytin may be estimated 
by use of a wavelength in the region 5550-5600 A (for ether solutions). 
The use of characteristic curves elsewhere in the spectrum will indicate the 
relative amount of pheophytin. DuTron, Bamey, and Konaxer (5) have 
applied such a method of chlorophyll and pheophytin analysis to fresh and 
dehydrated spinach. It is important to show that carotenoids in the mate- 
rials studied do not interfere at such wavelengths. Since no distinction 
can be made between components @ and b, it must also be assumed that 
a constant ratio of component a to b is present in the samples studied, 
because an ‘‘average’’ absorption coefficient must be assumed at the wave- 
length employed. 


Summary 


The effects of long-time storage at low temperatures on the absorption 
curves of chlorophylls a and b were studied. Purified preparations of 
chlorophyll @ in ether solution are stable for a week or more, after which 
deterioration is evident; the behavior of dried samples is less predictable 
in the writers’ experience. Chlorophyll in crude extracts in ether appears 
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more stable than in purified preparations. Satisfactory analytical results 
were obtained on ether extracts from tomato leaves after 14 weeks at — 20° C. 
Storage of fresh corn leaves at —20° C. for one month did not influence 
analytical results but chlorophyll deteriorated during longer periods. Stor- 
age of leaves in acetone has some advantages for very long storage periods 
(7 months or more). 

Small amounts of ethanol, methanol, or acetone in ether solutions and 20 
per cent. water in acetone solutions caused absorption changes; hexane 
produced no change in ether solutions. 

Spectroscopic effects of solvent impurities and of acids are discussed in 
relation to chlorophyll analysis. The subject of standards for spectroscopic 
analysis is considered in relation to stability factors. Comparisons are made 
from the viewpoint of practical application to plant materials. 


It is a pleasure to acknowledge the assistance of L. Sisson in making 
several of the later analyses. 


PURDUE UNIVERSITY 
LAFAYETTE, INDIANA 
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EFFECT OF DAYLENGTH ON GROWTH AND REPRODUCTION 
OF THE CUCUMBER 


L. L. DANIELSON 


(WITH THREE FIGURES) 


Introduction 


Most contemporary studies of photoperiodism in plants have dealt with 
species which normally flower either in long or short day conditions. There 
is great experimental convenience and clarity of response in the employment 
of species which can be qualitatively distinguished as reproductive in a short 
photoperiod and vegetative in a long photoperiod or vice versa. Phenomenal 
improvement in our knowledge of the physiology of growth and reproduc- 
tion has attended the study of such clearly defined types in the two decades 
following the enunciation of the basic concept of photoperiodism by GARNER 
and ALLARD (8). 

Scientific interest has centered in the nature of the metabolic factors 
concerned with the shift from vegetative to reproductive habit of the plant 
under the stimulus of long or short photoperiod, due largely to the need 
for improved control over reproduction. Interpretation of the phenomena 
of flowering and fruiting require a clearer understanding of the vegetative 
processes that precede them. Recognition of this fact has recently stimu- 
lated numerous studies of the physiology of growth in its entirety from ger- 
mination to maturation. A comprehensive study of soybeans by MuURNEEK 
(15) employs this approach. 

A somewhat neglected group of plants from the standpoint of growth 
under contrasted daylength are those which cannot be clearly classified as 
either long or short day types in terms of flowering response. Yet by virtue 
of their deviation from the typical long or short day flowering response, the 
day neutral and photoperiodically indeterminate species promise to con- 
tribute considerably to an understanding of light as a factor in plant 
development. 

The commercial strain of Cucumis sativus commonly known as the small 
gherkin was grown in three photoperiodic environments, predetermined in a 
series of preliminary experiments, to determine the developmental physi- 
ology of a species known to be indeterminate in its flowering response to 
photoperiod. Experimental procedures were arranged so as to provide a 
continuous growth record in order to identify qualitative differences in 
structure and quantitative variations in composition correlated with the 
contrasted photoperiods employed. 


Experimental procedure 
Seeds of the small gherkin were planted February 8, 1940 and trans- 
plantings were made February 16. Three groups of plants of sufficiently 
large numbers to allow for loss due to transplanting and leave a minimum 


638 








DANIELSON: EFFECT OF DAYLENGTH ON THE CUCUMBER 639 


of 30 plants in each group were established at this time. These three groups 
of plants were grown in contrasted diurnal photoperiods of eight, twelve, 
and sixteen hours. 

The daily photoperiod for all groups was started at 8 a.m. and eight 
hours of daylight were utilized. At 4 p.m. each day, the eight-hour group 
was screened from all light, and the twelve- and sixteen-hour groups were 
provided with supplementary artificial light to complete their respective 
daily photoperiods at the end of which time they were screened until the 
beginning of the next photoperiod at 8 a.m. Supplemental illumination 
of 200 footeandles at the bench level was maintained with clear glass incan- 
descent electric lamps. Temperatures of 80° F. from 8 a.m. to 5 P.M. and 
70° F. from 5 p.m. to 8 A.M. were maintained thermostatically in the 
greenhouse. 

Tests were made to determine the qualitative characteristics of the light 
entering the greenhouse. The spectral characteristics of light produced 
by clear glass incandescent electric lamps of the type used in the present 
experiment are available in a publication by Pope (16). The growth and 
developmental studies were terminated 95 days from the seed planting date. 

All lateral branches which normally bear pistillate flowers were removed 
as soon as possible after initiation in order to induce uniaxial growth of 
the vines. Removal of pistillate flowers also circumvented the develop- 
mental effects of fertilization and fruit formation. Staminate flowers were 
counted and removed at anthesis throughout the experiment. This practice 
established a standard defloration pattern for all photoperiods. 


Results 
Gross ANATOMY 


Weekly counts of number of nodes per plant accompanied by measure- 
ments of total plant length gave quantitative evidence of the stem growth 
characteristics in each of. the photoperiods. During approximately the 
first 60 days of growth, the relative rates of stem elongation of the various 
photoperiod groups did not change materially though rather marked dif- 
ferences in stature were seen (fig. 1). Rate of stem elongation was closely 
associated with the rate of increase in number of nodes. 

In terms of stem length the twelve-, eight-, and sixteen-hour plants were 
longest, intermediate, and shortest, respectively, at 63 days as shown by 
representative plants (fig. 1). During the ensuing two weeks, the growth 
pattern was considerably altered. At the age of 95 days, when the experi- 
ment was terminated, the eight-, twelve-, and sixteen-hour plants were 
longest, intermediate, and shortest, respectively (figs. 1 and 2). 

General contour of the stems in the various photoperiod groups after 
80 days is indicated by internodal diameter measurements (table I). These 
results show that the sixteen-hour stems were approximately twice as thick 
at their greatest diameter as the eight-hour stems. The thickness of the 
twelve-hour stems was intermediate with respect to those of the other groups. 
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Fig. 1. Representative 63-day-old plants grown in eight- (A), twelve- (B), and 
sixteen-hour (C) diurnal photoperiods. The rate of stem elongation in the various photo- 
periods is represented graphically. 


Since there were very apparent differences in leaf area among the various 
photoperiod groups at the termination of the experiment, it was felt that 
an attempt to measure these differences would be worthwhile. Examination 
of the plants in the different groups revealed that each of the plants had 11 
or more leaves. <A series of representative plants was chosen from each 
photoperiod group for measurement of the individual leaf areas of the 11 
leaves nearest the apical meristem of each plant. These leaves were num- 


TABLE I 
STEM DIAMETERS AT SUCCESSIVE INTERNODES AT AGE OF 95 DAYS 

















INTERNODE DIAMETER INTERNODE | DIAMETER 
NUMBERED |. | NUMBERED 
FROM FROM <4 Sete ae 
COTYLEDON 8-HR. | 12-HR. | 16-HR. COTYLEDON 8-HR. | 12-HR. | 16-HR. 
mm | mm, | mm. mm, mm. mm. 
1 2.7 3.8 5.9 12 2.1 3.6 4.3 
2 2.9 4.2 5.7 13 2.2 3.6 3.9 
3 2.9 4.3 5.8 14 2.2 $8 | 38 
4 2.8 4.2 5.3 15 2.4 3.0 | 3.2 
5 2.5 4.3 5.3 16 2.4 3.0 
6 25 | 4.2 49 | 17 2.4 2.7 | 
7 22 | 44 5.3 18 2.2 2.6 | 
8 | 288 4.6 5.2 | 19 22 |- 34 
9 22) 438 | 49 | 20 as 
10 2.3 4.0 45 | 21 4 
11 2.3 3.9 | 4.5 
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bered beginning with the leaf nearest the meristem. A photo-electric area 
meter similar to that described by Kramer (10) was used for these measure- 
ments. The largest leaf area per plant occurred in the twelve-hour group 
of plants (table II). The sixteen-hour plants were intermediate and the 








Cc 


Fig. 2. Representative 95-day-old plants and roots from eight- (A), twelve- (B), 
and sixteen-hour (C) diurnal photoperiod groups. 


eight-hour plants had the smallest leaf area. The largest individual leaves 
occurred on the twelve-hour plants. Leaves of the sixteen-hour plants were 
thicker than those from plants grown in the shorter daylengths and had 
a marked tendency to curl toward the upper leaf surface. 
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TABLE II 
LEAP AREAS IN SQ. CM. OF 95-DAY-OLD PLANTS 
Peierenii POSITION OF LEAF AS NUMBERED FROM MERISTEM sane an 

beige 1j|-2]| 8 4 | 5 S 10 11 | PLANT, AVERAGE 

| sq. em. 

8-hour ............... 18 | 25 | 42 | 49 | 52 53 | 53 | 53 | 504 

12-hour .............. | 17 | 82 | 42 | 57 | 64 84 | 86 | 69 | 66 | 669 

16-hour .........| 17 | 35 | 48 | 55 | 76 | 61 | 65 | 53 | 48 615 
i a Mee SS Sa 


Largest root systems were produced in the sixteen-hour photoperiod 
(fig. 2, table IIT). The larger root systems were characterized by increased 
branching. 

Staminat: blossoms appeared on some plants in each of the photoperiod 
groups during the sixth week of growth. Daily blossom counts were begun 
at this time with removal of the blossoms as counted at anthesis. Differences 
in flowering response were quantitative rather than qualitative (fig. 3). 
During the experimental period, ten plants in the eight-, twelve-, and 
sixteen-hour groups produced totals of 964, 647, and 465 blossoms, respec- 
tively. These results indicate that qualitative effects on flowering were 
absent in the contrasted daylengths used. Quantitative effects peculiar to 
each treatment were established. 


CHEMICAL ANALYSES 


A series of representative plants was chosen from each group for chem- 
ical analysis at the time of termination of the experiment. Each plant was 
divided so as to provide a total of six samples for analysis. The main axis 
of the plant was severed just below the sixth leaf as counted from the apex. 
This portion including the apex is referred to as the upper portion and the 
remainder of the shoot is referred to as the lower portion. The upper 
portion was divided into meristem, leaf, and stem samples. The lower 
portion was divided into leaf and stem samples. The entire root system 
and all other samples were comminuted for analysis. 

Moisture determinations expressed as percentage moisture of the various 
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Fig. 3. The differing rates of anthesis of staminate flowers on plants grown in 
eight-, twelve-, and sixteen-hour diurnal photoperiods expressed as number of flowers 
produced by ten plants are demonstrated. 
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TABLE III 
DRY WEIGHTS AND TOP/ROOT RATIOS OF 95-DAY-OLD PLANTS 
PHOTOPERIOD Top Roor TOTAL Top/Roor 

GROUP WEIGHT WEIGHT WEIGHT RATIO 
gm. gm. gm. 
1.646 0.214 1.860 7.6 
2.877 0.448 3.365 6.1 
2.380 1.214 3.594 1.9 





























localized tissue samples (table IV) showed significant differences in the 
contrasted photoperiods. Values for meristem, upper leaves, roots, and the 
entire plant were much the same in all groups. Values for the lower leaves, 
upper stem, and lower stem of the twelve- and sixteen-hour plants were 
considerably greater than were those for the eight-hour group. Total 
moisture contents per plant in terms of actual weight were comparable in 
the twelve- and sixteen-hour groups. A much lower value was established 
in the eight-hour group. 

Top-root ratios as calculated on a dry-weight basis at termination of the 
experiment (table III) showed that a ratio of approximately two to one 
existed in the sixteen-hour group whereas there was a ratio of approximately 
seven and one-half to one in the eight-hour group. 

Greatest percentage dry weight of tops was found in the eight-hour 
plants. Greatest dry weight, on a percentage basis, was found in the sixteen- 
hour plants. Greatest percentage of dry weight of the entire plant was 
found in the eight-hour plants. 

The optimum photoperiod for the accumulation of ash in the tops 
(table IV) was the intermediate photoperiod of twelve hours. Acecumu- - 


TABLE IV 


HYDRATION EXPRESSED AS PERCENTAGE FRESH WEIGHT. ASH EXPRESSED AS PERCENTAGE 
DRY WEIGHT OF 95-DAY-OLD PLANTS 


























PERCENTAGE MOISTURE CALCU- | PERCENTAGE ASH CALCULATED 
LATED ON THE BASIS OF ON THE BASIS OF DRY 
TISSUE SAMPLE FRESH WEIGHT WEIGHT 
8-HR. 12-HR. 16-HR. 8-HR. | 12-HR 16-HR 
NSS Se take? LEA ST SN : ein! | vitae ioe 
% %o % ee % 
Meristem 85.3 86.7 s64 |-128 | 109 | 88 
Upper leaves 78.5 80.9 80.1 | 13.1 9.1 | 12.7 
Lower leaves 81.9 84.8 92.9 1.3 19.1 21.0 
Upper stem 65.3 80.7 he ae wa 7.3 9.9 
Lower stem 62.7 74.2 75.9 | 14.0 | 7 oe 9.9 
Roots 87.0 87.6 84.2 29.9 10.4 36.3 
Entire plants .. 76.5 82.4 82.2 10.0 11.8 20.7 
= ae TOTAL WT. MOISTURE PER PLANT TOTAL WT. ASH PER PLANT 
gm. gm. gm. mg. mg. mg. 
6.01 15.68 16.64 193.4 389.3 748.5 
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lation of ash in the root systems was by far the greatest in terms of actual 
weight in the sixteen-hour photoperiod. The average total weight of ash 
per plant was greatest in the sixteen-hour group. The twelve- and eight- 
hour groups were intermediate and lowest, respectively. Interesting differ- 
ences in percentage ash content of the localized samples from the various 
groups were found. Upper leaves, lower stems, and roots of the twelve-hour 
plants gave lower values than in the eight- or sixteen-hour plants. 
Replicate samples were collected at the end of the dark period of the day 
from representative plants in each group for carbohydrate analyses. These 
localized samples were similar to those previously described for green, dry, 
and ash weight determinations. Fresh weights were determined and the 
samples were preserved in 80 per cent. ethyl alcohol. Reducing sugars were 
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TABLE V 


CARBOHYDRATES EXPRESSED AS PERCENTAGE DRY WEIGHT AND TOTAL WEIGHT PER PLANT 
OF 95-DAY-OLD PLANTS 








ACID HYDROLYZABLE 
A 
SOLUBLE REDUCING ren yeacomanives as TOTAL CARBOHYDRATES 


SUGARS AS PERCENT- AS PERCENTAGE DRY 
TISSUE SAMPLE AGE DRY WEIGHT wipes otro cael WEIGHT 





8-HR. 12-HR. 16-HR. | 8-HR. | 12-HR. 16-HR. | 8-HR. | 12-HR. |16-mR. 














% % % % | % % | % % % 
Meristem  ................. 10.1 2.8 6.2 13.4 7.2 33.1 | 23.5 10.0 39.3 
Upper leaves .......... 0.8 0.9 1.1 141; 93 45 | 149); 10.1 5.6 
Lower leaves ........... 0.9 1.6 0.2 14.5 | 8.6 2.7 15.4 9.2 2.9 
Upper stem ............. 18.8 5.9 6.6 18.6 5.9 8.1 37.4 11.8 14.7 
Lower stem. ............... 14.5 7.7 6.0 14.1 7.5 6.3 28.6 15.2 12.3 
| Sb Co Saas i 0.9 1.9 LZ 11.3 | 14.6 5.5 | 12.2 16.5 7.2 
Entire plants ....... 1.6 2. b iy | 12.0 10.9 11.6 |) 13.6 13.8 13.3 





TOTAL WT. SOL. RED. | TOTAL WT. POLYSAC. | TOTAL WT. CARBOHY- 


























SUGARS PER PLANT PER PLANT DRATES PER PLANT 
mg. mg. mg. | mg. mg. | mg. | mg, mg. mg. 
30.7 96.3 | 63.7 | 231.4] 358.8 | 424.1| 262.1| 455.1] 487.8 





determined by the method of Fotry and Wu (7). Acid hydrolyzable poly- 
saccharide determinations were made according to the method of Loomis 
and SHuty (12). 

Total weight of soluble reducing sugars per plant was greatest in the 
twelve-hour plants, namely, 96.3 milligrams. Intermediate and lowest 
values of 63.7 and 30.7 milligrams were obtained for the sixteen- and eight- 
hour plants, respectively (table V). Total acid hydrolyzable polysaccha- 
rides per plant (table V) rise with increase in the length of the light period 
with values of 231.4 milligrams for the eight-hour plants, 358.8 milligrams 
for the twelve-hour plants, 424.1 milligrams for the sixteen-hour plants. 


Discussion 


The photoperiodic response of the small gherkin under the experimental 
conditions described is in contrast with the results of numerous investigators 
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on a variety of plants showing that stem length increases with duration of 
the diurnal photoperiod (1, 5, 6, 13, 17, 20). No appreciable differences 
in general growth habit appeared during the early growth stage in the con- 
trasted photoperiods here employed. Significant differences in rate of axis 
elongation became evident after floral inception in the sixth week. The 
eight-hour photoperiod favored stem elongation whereas the sixteen-hour 
photoperiod, by contrast, severely retarded it. The retardation of stem 
elongation with increasing length of day is a response the opposite of that 
deseribed for Rudbeckia and soybeans by MurNrek (14, 15). The behavior 
in the present instance, nevertheless, confirms MuRNEEK’s contention that 
the effect of length of day on stem elongation and reproduction are sepa- 
rable. The fact that vegetative response to daylength became especially 
evident with the onset of flowering in the gherkin suggests that the photo- 
periodic reaction of the stem is in some manner physiologically related to, 
if not dependent upon, the onset of flowering itself. 

Wirtwer (22) has indicated the existence of a relationship between 
vegetative growth and synapsis and syngamy in the cucumber. In the 
present work, the effect of a single defloration pattern was studied in a series 
of contrasted diurnal photoperiods. Results show that both the vegetative 
and flowering response associated with this defloration pattern varied with 
the length of diurnal photoperiod. The flowering response of the gherkin 
in the contrasted photoperiods employed was quantitative rather than 
qualitative. Daily blossom counts revealed that the largest number of 
flowers was produced in the eight-hour photoperiod. The eight-hour photo- 
period was thus found to be optimum for staminate flower production and 
elongation of the stem. 

The quantitative aspect of flowering response of indeterminate plants 
has been investigated by a number of research workers. TrepJsEns (19) 
made a quantitative study of flowering response in the cucumber in relation 
to light intensity and found that the presence of fruit had an inhibitory 
influence on development. This effect was eliminated in the present work 
by removal of all lateral branches on which pistillate flowers form in the 
gherkin. ALLARD (2) has demonstrated the quantitative response of some 
species to contrasted daylengths on the basis of sparse or abundant flower- 
ing. Austin (3, 4) placed Impatiens balsamea in the intermediate photo- 
period class on the basis of percentage of plants flowering in each of a series 
of contrasted photoperiods. In the present work, since all plants flowered 
in all daylengths, the measure of flowering response was the total number 
of staminate blossoms produced in each daylength. How.err (9) has 
demonstrated the effectiveness of quantitative measurements of results with 
photoperiodically indeterminate plants by showing that the relative length 
of stamen and pistil of the flowers of tomato vary with variations in length 
of diurnal photoperiod. The results achieved by these workers using quanti- 
tative measurements, in addition to qualitative measurements, indicate the 
effectiveness of this approach as do the results reported in the present paper. 
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The intermediate daylength of twelve hours was found to be optimum 
for leaf area development. The upward curling of the leaf margins in the 
sixteen-hour photoperiod was similar to that described by Surruey (18) for 
plants grown in light from which the blue end of the spectrum had been 
eliminated. Spectrum analyses appear to preclude this stimulus in the work 
reported here. Thickening of the leaves in the longer daylengths was of 
interest because this is a response commonly associated with high light 
intensity environments though light intensities were uniform throughout 
the present experiment indicating that the condition observed here may be 
attributed to duration of the daily light period. 

Increased root size in the longer daylengths was rather striking in the 
gherkin though WrEAver and Himmeu (21) have reported similar results 
for a number of plants. The total dry weights per plant of the twelve- and 
sixteen-hour photoperiod groups were about equal and exceeded that of 
the eight-hour plants by a considerable amount. Top-root ratios reflect 
these variations in relative top and root growth (table III). The greater 
root development in the sixteen-hour plants is thus reflected in the low top- 
root ratio of the sixteen-hour plants. Another aspect to be considered in 
this connection is the increasing total ash weight per plant with increasing 
daylength, an effect which may be associated in a causal relationship with 
increased root development. 

A recent clarification of phasic development in relation to photoperiod 
by LozHwine (11) has indicated the need for further chemical as well as 
physical measurements of the plants’ growth and developmental status in 
studies of the present type. Certain chemical measurements were made in 
the present study in an effort to provide a better understanding of the 
relationship between cause and physical effect as determined by measure- 
ments of growth and development. Moisture content has been expressed 
in terms of tissue hydration on a percentage basis. Differences in the ver- 
tical distribution of moisture in plants in the various photoperiods are thus 
revealed. Meristems and roots were hydrated to approximately the same 
extent in all daylengths. Hydration of other tissues increased with increas- 
ing daylength (table IV). Soluble sugars were about equally distributed 
throughout the tissues of the twelve- and sixteen-hour plants with the ex- 
ception of the meristem in which case the sixteen-hour plants had the greater 
concentration at termination of the experiment. Soluble reducing sugar 
concentration in the stem of the eight-hour plants in general exceeded that 
of the twelve- and sixteen-hour plants (table V). Percentage acid hy- 
drolyzable polysaccharides in the tissues in general follow the pattern of 
the reducing sugars. The eight- and twelve-hour photoperiods appeared 
to be optimum for accumulation of polysaccharides in the roots. Actual 
amount by weight of polysaccharides, however, was greatest in the longest 
photoperiod, indicating that the sixteen-hour photoperiod was optimum for 
carbohydrate storage. These results on an intermediate plant show that 
growth, developmental, and chemical conditions peculiar to each photo- 
period group were established during the course of the experiment. 
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Summary 


Gherkins (Cucumis sativus) were grown in contrasted diurnal photo- 
periods of eight, twelve, and sixteen hours. Quantitative and qualitative 
determinations of growth and development were made at intervals through- 
out the growing period on vines from which all lateral branches and flowers 
were removed as formed. 

Under conditions of the experiment, stem elongation was retarded in 
sixteen-hour daylengths. Maximal stem elongation occurred in the eight- 
hour daylength. 

Contrasted vegetative responses to daylength became especially evident 
with onset of flowering suggesting that the photoperiodic reaction of the 
stem is in some manner physiologically related to, if not dependent upon, 
the onset of flowering itself. 

Maximum staminate flower production, on the basis of total number of 
flowers produced, occurred in the eight-hour day. 

Quantitative measurements of stem, leaf, and root growth as well as 
chemical composition showed that vegetative responses peculiar to each day- 
length occurred. 


The author wishes to express his sincere appreciation to Dr. W. F. 
Loenwine for the many helpful suggestions made during the course of this 
investigation. 
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INFLUENCE OF PHOSPHORUS SUPPLY AND THE FORM OF 
AVAILABLE NITROGEN ON THE NITROGEN METAB- 
OLISM OF THE TOMATO PLANT: 


W. S. BREON And W. S. GILLAM 


Introduction 


Previous work by many investigators has suggested that the process of 
nitrogen assimilation in the plant passes through a step involving the reduc- 
tion of nitrates to nitrites, and finally to fully reduced nitrogen carriers 
which function directly in the synthesis of amino acids and proteins. 
Eckerson (4) advanced the theory that this process of reduction is gov- 
erned by an enzyme, the so-called reducase, or reductase, which catalyzes 
the reduction of nitrates to nitrites. Conditions necessary for this reduction 
to take place are, among others, the presence of phosphorus, calcium, and 
potassium. 

Deficiency of phosphorus during the growth of tomato plants leads to 
an abnormal accumulation of nitrates in the tissues, caused, as suggested 
by Ecxerson (4), by the inability of the plant to utilize the nitrates be- 
cause of a breakdown in its reduction mechanism. The plant is thus exhibit- 
ing a type of deficiency caused both by nitrogen and phosphorus starvation. 
Evidence for the foregoing theory is based mainly on experiments designed 
to measure the nitrate reducing ability of plant juice, which appears to be 
impaired in the case of phosphorus deficiency. Further evidence is based 
on the known fact that nitrates do accumulate in rather large amounts in 
the tissues of some plants suffering from phosphorus starvation. 

More recently the problem has been attacked from a different angle. 
Skok (12) studied the effect of the form of available nitrogen on the de- 
velopment of calcium deficiency symptoms in the bean plant and has shown 
that in plants supplied with urea instead of nitrate nitrogen the develop- 
ment of deficiency symptoms due to lack of calcium is noticeably delayed. 
This work is interpreted to indicate that, since nitrogen has been supplied 
in a form that is already reduced, the necessity for nitrate reduction has 
been removed, and the plants are exhibiting true calcium deficiency. These 
experiments tend to confirm the essential réle of calcium in nitrate reduction. 

The present work is an attempt to apply and extend the same type of 
reasoning to a study of phosphorus deficiency in the tomato plant, in order 
to determine more clearly if phosphorus does play an essential réle in the 
assimilation of nitrates, and if so, to obtain information on what stage of 
the process is affected by a deficiency of phosphorus. The mere fact that 
plants utilizing urea as a source of nitrogen show delayed appearance of 
deficiency symptoms is not adequate proof of the essential nature of phos- 
phorus for the reduction of nitrates for, as previously pointed out (2), 
these plants absorb phosphorus much more rapidly from the nutrient solu- 

1 Journal Paper no. 137 of the Purdue Agricultural Experiment Station. 
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tion and maintain a higher reserve supply of phosphorus throughout the 
tissues. 
Methods 

The analytical procedures employed have been described by other work- 
ers and will not be discussed in detail here. Only modifications of the pro- 
cedures as used will be described. It has been well established that the use 
of tissue that has been rapidly dried at 70—-80° C. for studies of this kind 
is well justified (8, 13). NiaHTincaALe (8) points out that the analytical 
methods worked out by Vickery and his co-workers (13) have yielded prob- 
ably the most accurate information available on the metabolism of nitrogen 
compounds in the plant. 

TOTAL NITROGEN.—T otal nitrogen was determined by the official method, 
modified to include the nitrogen of nitrates (6). 

PROTEIN NITROGEN.—Protein nitrogen was determined by the procedure 
recommended by Vickery et al. (13) involving the extraction of the sample 
by 75 per cent. ethanol and boiling water. Filtering the water extract on a 
fluted paper was found preferable to the use of a Gooch crucible. 

AMMONIA NITROGEN.—Ammonia nitrogen was determined by the method 
of Pucuer et al. (10). Instead of vacuum distillation of the ammonia, as 
suggested by these workers, it was aerated into 3 ml. of 0.1 N hydrochloric 
acid in the Van Slyke and Cullen aeration apparatus. Caprylie alcohol 
was added to the solution to prevent foaming and it was aerated for 1.5 
hours. The solution in the receiving tube was then washed into a 50-ml. 
volumetric flask, 1 ml. of Nessler’s reagent added, and made to volume. The 
percentage transmission of the colored solution was read in the KWSZ 
photometer (14), using Corning filter no. 511. This filter transmits in the 
blue-violet with maximum transmission at about 4150 A. Evidence for the 
use of this filter system was based on the absorption curve of the colored 
solution obtained by treating a known concentration of ammonium sulphate 
with Nessler’s reagent and determining the log I,/I values at different 
wavelengths, using a Bausch and Lomb Visual Spectrophotometer. A 
standard curve was then prepared by developing the color from known 
amounts of ammonia nitrogen with Nessler’s reagent, making to a volume 
of 50 ml., and determining the percentage transmission on the KWSZ pho- 
tometer, using filter no. 511. 

WATER-SOLUBLE NITROGEN.—Water-soluble nitrogen was determined by 
the method of Vickery et al. (13). A dry tissue extract was prepared from 
2.5 grams of dried plant material as suggested by these workers, but with 
slight modifications. The sample was weighed into a wide-necked 100-nl. 
volumetric flask and mixed to a paste with a small volume of water. Water 
to make about 85 ml. was then added and the mixture heated in a water 
bath at 80° C. for 10 minutes with continuous agitation. The solution was 
cooled, made to volume, mixed thoroughly, and filtered through a dry filter 
into a dry flask. Aliquots of this extract were used for the determination 
of water-soluble nitrogen, total amide nitrogen, amino nitrogen, and nitrate 
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nitrogen. Water-soluble nitrogen was determined by the Kjeldahl pro- 
cedure, modified to include the nitrogen of nitrates, on a 10-ml. aliquot of 
this water extract. 

AMIDE NITROGEN.—Amide nitrogen was determined by the method of 
Pucuer et al. (10) on a 10-ml. aliquot of the water extract. Hydrolysis was 
carried out by heating the aliquot of the water extract in the presence of 
2 ml. of 6 N sulphuric acid at 100° C. for 2 hours. After hydrolysis the 
excess acid was neutralized and the ammonia determined as before. The 
difference between the value obtained in this determination and the value 
for preformed ammonia determined directly on a sample of the dried tissue 
was taken as the value for amide nitrogen. 

AMINO NITROGEN.—After the determination of amide nitrogen was com- 
pleted, the residue was washed into a small beaker, acidified with acetic acid, 
and evaporated on the steam bath to 10 to 15 ml. It was filtered and made 
up toa volume of 25 ml. Amino nitrogen was determined on 10-ml. aliquots 
of this solution in the Van Slyke amino nitrogen apparatus. 

NITRATE NITROGEN.—Nitrate nitrogen was determined by the phenol- 
disulphonie acid method as used by Siweris ef al. (11). The phenol- 
disulphonie acid reagent was prepared as directed by Cuamor et al. (3). 
From the data of Bere (1), it can be seen that the colored compound devel- 
oped from the nitration of phenoldisulphonic acid and subsequent treatment 
with ammonia has a maximum absorption of about 4150 A. Since this 
corresponds almost exactly with the region of maximum absorption of the 
color developed with Nessler’s reagent in the ammonia determination, it 
follows that Corning filter no. 511 could also be used for the determination 
of nitrate nitrogen by this method. The standard curve was prepared by 
measuring known quantities of a standard solution of sodium nitrate into 
100-ml. beakers, evaporating almost to dryness, and treating with 2 ml. 
of the phenoldisulphonie acid reagent. The solution was then diluted to 
about 50 ml., transferred to a 100-ml. volumetric flask, excess ammonium 
hydroxide added, and made to volume. The percentage transmission was 
determined in the KWSZ photometer using Corning filter no. 511. It was 
found advisable in using this method to clarify the extract with lead acetate, 
delead with disodium phosphate, and treat at least once with decolorizing 
carbon. The filtered solution was then evaporated almost to dryness before 
the addition of the phenoldisulphonic acid reagent. In the samples that 
were high in nitrate nitrogen, a 2.5-ml. aliquot of the water extract was suffi- 
cient. In the others 5 to 10 ml. was necessary. 

PuHospHorus.—Phosphorus was determined by the official micro-method 
(7). A one-gram sample was ashed for 4 hours without the addition of 
magnesium nitrate. The ash was dissolved in 1:4 hydrochloric acid, trans- 
ferred to a small beaker, 5 ml. concentrated hydrochloric acid were added, 
and the solution was evaporated to dryness. The residue was moistened 
with 2 ml. hydrochloric acid, diluted, and made to 100 ml. This solution 
was filtered, and aliquots of the filtrate were used for the colorimetric de- 
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termination, the colored solutions being diluted to 50 ml. The percentage 
transmission of the colored solutions was read in the KWSZ photometer 
using Corning filter no. 243 and the amount of phosphorus present caleu- 
lated from a standard curve prepared in the same manner using known 
amounts of phosphorus. 


Procedure 


As pointed out by Puuuirs et al. (9) in their work with potassium defi- 
cient tomato plants, plants suffering from extreme deficiency are so stunted 
and abnormal that a comparison of them with normal plants is difficult and 
may be misleading. Accordingly, it would appear that the differences due 
to phosphorus deficiency would be shown clearly by differences in compo- 
sition which occur soon after deficiency symptoms develop. This point of 
view was adopted in planning the present experiment. The composition of 
plants grown on a complete nutrient solution was compared with that of 
plants suffering moderately but definitely from phosphorus deficiency. 
Another point to be considered is the high phosphorus content of the plants 
furnished urea as a source of nitrogen. It was felt that the comparison 
between the effects of nitrate and urea could be made more clearly if the 
plants were brought to about the same phosphorus level. Since it took the 
plants receiving urea about a week longer than the plants receiving nitrate 
to develop deficiency symptoms due to lack of phosphorus, it was evident 
that if phosphorus were removed from this group one week earlier than 
from the nitrate group, the symptoms should develop at about the same 
time, and at the conclusion of the experiment the plants should contain 
approximately the same amounts of phosphorus. The plants receiving urea 
treated in this manner were grown at pH 6.8 to 7.0, in order that their size 
would also be comparable to the size of the plants receiving nitrate nitrogen. 
For purposes of comparison with the plants receiving nitrate, a set of plants 
was grown in a medium supplying urea and phosphorus and a set was grown 
in a medium supplying urea but no phosphorus at pH 4.8 to 5.0. Phos- 
phorus was withheld from the nutrient medium supplied this latter group 
at the same time that it was withheld from the nitrate group. 

All the plants in this experiment were grown in the same manner as 
described previously (2) except that they were continued in sand culture 
until harvested. Twenty plants were grown on each treatment. Each treat- 
ment was divided into replicates of 5 plants each and randomized on the 
bench. The pH of all solutions was checked and the pots flushed daily to 
insure maintenance of as nearly a constant degree of acidity as possible. 
The plants receiving nitrate nitrogen were grown at pH 4.8 to 5.0. All of 
the plants were grown on complete nutrient solutions until they were about 
8 to 10 inches in height. Phosphorus was then withheld from group 4 
(2), (the series of plants receiving urea but no phosphorus) at pH 6.8. 
One week later phosphorus was withheld from the other groups. These 
treatments were continued until the plants grown in the nutrient medium 
containing nitrate and phosphorus, group 1 (2), were about 28 to 30 inches 
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in height. At the conclusion of the experiment the plants were cut off at 
the surface of the sand, each replicate was divided into stems and leaves, 
and the fresh weight determined. The plants were dried at 80° C. for 10 
to 12 hours, weighed, ground to a powder in a Wiley mill, bottled in indi- 
vidual sample bottles, and subjected to analysis. 


Results and discussion 
The fresh and dry weights of the plants in this experiment are given 
in table I and the chemical data in tables IT and III. 


TABLE I 


FRESH AND DRY WEIGHTS OF LEAVES AND STEMS (GRAMS) 








FRESH FRESH Dry Dry 
TREATMENT REPLICATE WEIGHT WEIGHT WEIGHT WEIGHT 
LEAVES LEAVES STEMS 





gm, gm. gm, gm, 
424.9 20. 42.39 10.35 
441.3 } 43.12 11.11 
441.0 : 43.01 11.60 
424.1 126.2 43.27 11.18 
320.2 117.4 36.15 11.23 
306.8 115.7 33.81 10.94 
324.0 119.8 35.86 11.12 
327.1 117.0 36.03 10.83 
122.2 47.4 15.04 4.65 
128.0 53.5 16.63 5.69 
142.8 54.0 17.65 5.49 
136.6 54.3 16.85 5.78 
91.5 42.5 | 12.07 4.33 
92.9 41.4 12.18 4.06 
95.6 40.6 12.42 4.03 
114.3 45.4 15.74 4.70 
421.3 112.7 41.50 10.39 
411.4 110.8 40.38 10.12 
413.1 113.7 40.52 10.45 
411.9 105.8 40.85 9.49 
248.4 83.7 30.35 8.97 
262.9 88.1 32.3 9.00 
264.2 85.5 31.9 8.93 
248.8 86.9 | 31.1: 9.18 


+NO,+P 








+Urea+P 
pH 4.8 








+Urea-P 
pH 4.8 


+Urea+P 
pH 6.8 


+ Urea-—P 


1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
+ 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
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The plants receiving urea grown at pH 6.8 were only slightly smaller 
than the plants grown in the nutrient medium containing nitrate nitrogen. 
The plants receiving urea grown at pH 4.8 were much smaller than any of 
the other groups, and, as to be expected, the deficient plants in all cases 
made less growth than the plants grown with an adequate amount of phos- 
phorus. As was previously mentioned, it was hoped to bring the plants 
receiving nitrate but no phosphorus, and the plants receiving urea but no 
phosphorus (pH 6.8), groups 2 and 4, respectively (2), to the same level 
of phosphorus deficiency. As is evident from the weight data and the 
analytical data for phosphorus, this situation was not realized exactly. 
The growth and phosphorus content of the plants receiving urea but no 
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phosphorus (pH 6.8) were slightly less than those of the plants receiving 
nitrate but no phosphorus. The differences, however, were small and for 
purposes of comparison the two groups of plants may be compared on the 
same basis. It is clearly brought out by the results of this work that the 
plants growing in a inedium furnishing urea as a source of nitrogen absorbed 
almost twice as much phosphorus per unit weight of plant on the pH 4.8 
treatment and about 20 per cent. more on the pH 6.8 treatment than did the 
corresponding plants on nitrate treatment. 




















TABLE II 
ANALYSIS OF LEAVES* 
Pro- | WATER- | AMMO- NI- 
TREAT- TOTAL AMIDE AMINO PHOos- 
TEIN | SOLUBLE NIA - - TRATE 4 
MENT N N N N N N N PHORUS 
a . SS 

+NO,-+P | 29.1 22.3 4.26 0.117 0.245 1:95 0.094 3.90 
29.5 22.0 4.03 0.125 0.265 1.45 0.067 3.67 

29.8 22.7 4.26 0.116 0.306 1.72 0.092 3.75 

28.6 22.1 4.15 0.108 0.286 1.88 0.084 3.62 

+NO,--P 31.2 22.7 5.82 0.110 0.312 1.96 1.78 1.54 
31.9 23.2 5.15 0.108 0.234 2.01 2.18 1.63 

32.3 23.4 5.82 0.094 0.238 2.12 2.15 1.68 

32.8 23.3 5.60 0.078 0.284 1.69 2.02 1.74 

+Urea+P 34.8 26.2 5.60 0.130 0.456 2.44 0.069 7.15 
pH 4.8 33.0 24.0 4.70 0.160 0.490 2.23 0.061 7.90 
32.5 25.6 4.82 0.172 0.386 1.96 0.076 7.40 

| 34.2 25.9 5.48 0.206 0.514 2.38 0.056 7.02 

+Urea-P | 35.8 26.5 5.37 0.121 0.411 2.19 0.048 3.27 
pH 4.8 35.8 26.5 4.82 0.111 0.313 2.13 0.057 3.29 
34.9 27.6 4.60 0.126 0.394 1.97 0.061 3.03 

31.6 24.2 | 4.25 0.124 0.408 1.76 0.070 2.58 

+ Urea+P 34.6 26.9 5.38 0.257 0.523 2.38 0.053 4.45 
pH 6.8 34.4 - 26.6 5.04 0.216 0.590 2.33 0.077 4.32 
34.8 27.0 5.27 0.200 0.594 2.12 0.056 4.55 

34.6 26.4 5.38 0.250 0.520 2.17 0.064 4.47 

+Urea-P | 29.6 22.0 | 4.48 0.172 0.558 1.65 0.052 1.28 
pH 6.8 29.5 22.3 | 4.26 0.150 0.516 1.65 0.069 1.34 
30.0 22.8 4.60 0.190 0.580 1.76 0.054 1.35 

29.8 22.8 4.15 0.170 0.470 1.60 0.076 1.33 























* All values are expressed as milligrams of nitrogen, or phosphorus per gram of dry 
weight. 

The results obtained by analyzing the plants for various forms of nitro- 
gen contain Several points of interest. The most important thing brought 
out by this study is the relative nitrogenous composition of the phosphorus 
deficient plants receiving nitrate as compared to the plants grown in a com- 
plete nutrient medium. The total nitrogen and soluble nitrogen fractions 
of the deficient nitrate series, group 2 (2), were higher than those of the 
normal series (those receiving adequate phosphorus), group 1, tables IT and 
III. It is to be noted, however, that this difference is almost exactly bal- 
anced by the excess of nitrates absorbed by the plants deficient in phos- 
phorus. The amounts of protein, ammonia, amide, and amino nitrogen in 
the two groups are about the same. These facts strongly suggest that the 
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excess nitrates are present in the phosphorus deficient plants by virtue of 
accumulation following more rapid absorption, rather than as a result of 
the plant’s inability to reduce them. A comparison of the urea series of 
plants (pH 6.8), with the nitrate series indicates that the normal plants 
(those receiving adequate phosphorus) of the urea group were higher in 
total and soluble nitrogen than the normal plants of the nitrate group. 
The difference in this case is due to the higher level of assimilated nitrogen 
in the plants receiving urea. This is not unusual, but indicates that the 
plant has the same power to assimilate the nitrogen of urea rapidly that 


TABLE III 


ANALYSIS OF STEMS* 











WATER- | AMMO- " 
TREAT TOTAL scL.Upes wna A MIDE AM INO PHOSs- 
Tv 


MENT N N N N N . PHORUS 





‘ - a 


+NO,-+P 7.51 : 3.70 0.069 0.539 1. 0.368 3.08 
7.02 e 3.36 0.068 0.456 By 0.392 3.06 
6.81 3.81 0.051 0.439 = 0.284 3.06 
6.53 3.70 0.041 0.447 1.8 0.451 3.04 

1. 

# 

1. 





+NO,--P 8.56 6.62 0.105 0.861 84 | 2.69 1.11 
9.12 6.62 0.093 0.997 53 | 2.56 1.16 
8.70 6.40 0.084 0.956 47 | 3.08 1.20 
9.12 6.18 0.091 0.819 1.79 | 2.38 1.21 
+Urea +P 6.65 3.78 0.090 0.950 0.905 0.070 5.04 
pH 4.8 6.30 , 3.78 0.074 0.653 0.746 | 0.055 5.20 
6.16 3.08 0.074 0.606 0.479 0.052 4.94 
6.51 4.20 0.062 0.968 0.586 0.065 4.90 
+ Urea -P 6.37 3.50 0.059 0.514 0.953 0.068 2.78 
pH 4.8 6.16 3.22 0.047 0.618 0.688 0.062 2.90 
6.51 3.50 0.052 0.717 0.794 | 0.046 2.42 
6.72 4.06 0.032 0.960 0.900 | 0.034 2.10 
+Urea+P 7.86 5.94 0.231 142 | 2.24 0.090 3.44 
pH 6.8 8.56 6.94 0.238 1.27 2.40 0.072 3.50 
8.07 0.190 1.19 2.61 | 0.087 3.62 
8.35 0.132 1.30 2.5 | 0.049 3.62 
+ Urea —-P 9.84 0.126 1.98 2. 0.067 | 1.00 
pH 6.8 9.91 0.168 182 | 2. 0.076 1.11 
9.70 0.167 1.85 | 0.084 1.06 
9.35 0.197 | 1.88 2.83 | 0.069 | 1.08 
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* All values are expressed as milligrams of nitrogen, or phosphorus per gram of dry 
weight. 


it has to absorb and assimilate the nitrogen from ammonia. The phosphorus- 
deficient plants receiving urea (pH 6.8) differed markedly from the plants 
receiving urea (pH 6.8), and adequate phosphorus. If the theory that 
phosphorus deficiency hinders the plant’s normal process of nitrogen as- 
similation by breaking down its reduction mechanism is true, then one 
should expect decreases in the amount of assimilated nitrogen in the series 
of plants receiving nitrate but no phosphorus and no decrease in the series 
receiving urea but no phosphorus. Exactly the opposite situation was ob- 
served. The leaves of the phosphorus-deficient plants receiving urea (pH 
6.8) contained noticeably less of all forms of nitrogen with the exception of 
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amide nitrogen and nitrates. It was observed, however, that this situation 
was exactly reversed in the stems of the deficient plants receiving urea (pH 
6.8). One should be cautious about drawing too hasty conclusions from a 
situation such as this, but several explanations immediately suggest them- 
selves. One, of course, is that the absence of phosphorus hinders the trans- 
formation of some of the soluble products of nitrogen assimilation into pro- 
teins. The data from analysis of the nitrate plants do not support this 
explanation. Another possibility is that the low level of protein and high 
level of soluble forms of nitrogen may be the result of an insufficient supply 
of carbohydrates in the phosphorus deficient plants. The importance of 
such secondary effects has been emphasized by NicHTINGALE (8) and may 
be an explanation of the observed results. As has been pointed out by many 
other workers, notably Hissarp and Griaspy (5) it is extremely difficult to 
prove absolutely that any particular element aids directly in as complicated 
a mechanism as the synthesis of organic materials by plants. The best one 
can hope to do is to consider the implications of the data available. 


TABLE IV 


TREATMENTS OF PLANTS ON DIFFERENT PHOSPHORUS LEVELS 














MOLARITY OF NUTRIENT SOLUTION WITH 
TREATMENT RESPECT TO PHOSPHORUS 

3 +NO,-+P (pH 4.8 to 5.0) 0.0001 

2. ” +e 0.00025 

3. we «¢ 0.0005 

4. &¢ é¢ | 0.001 

5. +Urea+P (pH6.8 to 7.0) 0.0001 

6. *s ae 0.00025 

7. me, ¥ 0.0005 

8. “¢ “6 | 0.001 








No conclusive differences in composition could be found in the urea series 
of plants at pH 4.8 between the phosphorus-deficient plants and those 
grown in a complete nutrient solution. Since the phosphorus content of 
the phosphorus-deficient plants on this treatment was still about the same 
as that of the plants receiving adequate phosphorus on the nitrate treatment, 
differences in composition could hardly be expected. The evidence again 
indicates that these plants did not develop pronounced deficiency symptoms, 
because of their high level of absorbed phosphorus. The usual differences 
in composition between stems and leaves were noted. Leaves of all plants 
had a relatively large percentage of their nitrogen in the insoluble form. 
The reverse was true of the stems. As suggested by the work of EckERSON 
(4), nitrate assimilation in the tomato plant takes place predominantly in 
the leaves. This is brought out by the marked decrease in nitrate nitrogen 
from the stems to the leaves of both the normal (those receiving adequate 
phosphorus) and phosphorus-deficient plants growing on nitrate nitrogen. 
The fact that this decrease is observed in the case of the deficient plants 
is further evidence that these plants are assimilating the nitrate nitrogen. 

If a normal supply of phosphorus is essential for the reduction of ni- 
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trates, as is suggested for calcium by Skok (12), then plants receiving urea 
should show smaller differences in amount of growth and vigor on different 
phosphorus levels than the nitrate series of plants on the same levels. The 
plants receiving urea should also show a lower minimum level of phos- 
phorus for maximum growth and development. To get some information 
on this subject the following experiment was carried out: 

Tomato plants were grown in sand culture as before, with nutrient media 
supplying urea and nitrate as sources of nitrogen. The plant. receiving 
urea were all grown at pH 6.8 to 7.0. The 128 plants used in the experiment 
were divided into 8 groups of 16 plants each and subjected to the treatments 
shown in table IV. Each treatment was subdivided into 4 replicates of 4 
plants each. 

TABLE V 


GROWTH AND PHOSPHORUS CONTENT OF TOMATO PLANTS ON DIFFERENT PHOSPHORUS 
LEVELS AND FORMS OF NITROGEN 








P PER RELATIVE GROWTH AND COMPOSITION* 
Dry : 


TREATMENT WEIGHT GRAM DRY FRESH Dry | PHOSPHORUS 


WEIGHT WEIGHT | WEIGHT CONTENT 


% 








gm. mg. 


Nitrate 
series 

0.0001 M : 17.49 0.812 

P y 15.71 0.821 | 

| 

| 

| 

| 


15.98 0.802 
14.50 0.860 
0.00025 M : 29.87 1.04 
P 26.24 1.15 
28.34 1.12 
29.65 1.13 
0.0005 M 2. 33.90 1.49 
34.24 1.54 
32.95 | 1.58 
34.83 1.56 
36.30 2.50 
34.87 2.34 
35.99 2.34 100.0 100.0 100.0 
32.78 2.24 








Urea 
series 
0.0001 M . 9.45 
P 94, 10.79 

i 11.14 





; 10.32 
0.00025 M 9 | 15.92 

P . 18.67 | J 
20.46 1.78 
18.57 2.00 
0.005 M 9. 19.90 2.95 

P 21.43 2.88 
163.0 | 17.69 3.14 
184.7 | 20.67 3.20 
0.001 M 202.6 2199 | 4.32 

P 206.0 | 23.02 4.22 
195.3 | 22.03 4.37 | 100.0 100.0 100.0 
207.1 | 21.94 4.37 | 











| 





* Considering the highest phosphorus level 100, the percentage fresh and dry weight 
and phosphorus content of the plants on the other levels were calculated. 
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The plants were grown on these treatments from the time of transplant- 
ing until they were harvested 4 weeks later. Throughout the experiment 
it was evident that the plants receiving both forms of nitrogen were exhibit- 
ing approximately proportional decreases in growth with decrease in the 
phosphorus level of the nutrient solution, with the exception of the plants on 
the two high levels of phosphorus, which seemed to be about the same size. 
Deficiency symptoms were evident in both the nitrate and urea series of 
plants on the lowest level of phosphorus, slightly so in the plants receiving 
0.00025 M phosphorus, and not at all in the plants receiving the two highest 
levels. At the end of the growth period the plants were harvested and the 
fresh and dry weight of each replicate determined. The plants were cut 
off at the surface of the sand, and the entire plant used for analysis. The 
plant tissue was dried at 80° C. for 12 hours, ground in a Wiley mill, and 
bottled. 

The fresh and dry weight data are given in table V along with the phos- 
phorus content of the plants. The data have also been calculated to show 
the relative difference in growth and phosphorus content on the two treat- 
ments. Considering the highest phosphorus level 100, the percentage fresh 
and dry weight and phosphorus content of plants on the other levels were 
ealeulated. The data are fairly constant throughout in showing that the 
plants receiving urea made no greater relative growth on any of the levels 
than did plants receiving nitrate. Phosphorus uptake in both series of 
plants was proportional to the amount of phosphorus in the nutrient solu- 
tion. The evidence again indicated that phosphorus plays no special réle 
in nitrate reduction. 


Summary 


1. Tomato plants growing in a medium supplying nitrate as a source of 
nitrogen and moderately but definitely showing symptoms of phosphorus 
deficiency, showed an accumulation of nitrates in all parts of the plant. 
Evidence is presented to show that this is due to accumulation following 
more rapid absorption rather than to non-utilization. 

2. Growth of tomato plants receiving urea as a source of nitrogen, was 
rapid and vegetatively vigorous as long as the pH of the culture solution 
was maintained at pH 6.8 to 7.0. When it was kept at pH 4.8 to 5.0 growth 
was greatly retarded. 

3. The relatively high level of assimilated nitrogen in plants growing 
in a medium supplying urea suggests that the absorption and utilization 
of this form of nitrogen by the tomato plant takes place quite rapidly, as 
has been shown to be the case with ammonia. 

4. A study of the relative growth and phosphorus content of plants 
utilizing different forms of nitrogen at four leveis of phosphorus has shown 
that plants utilizing urea as a source of nitrogen made no better relative 
growth on any of the levels than did the plants utilizing nitrate. 
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5. It is suggested that the importance of phosphorus in regulating the 


nitrogen metabolism of the plant has been overemphasized. 


Pal 


10. 


11. 


12. 


13. 


14. 
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THE EFFECT OF DISC THICKNESS ON THE RESPIRATION 
AND THE VARIOUS NITROGEN FRACTIONS OF CUT 
DISCS OF RADISH ROOTS IMMERSED IN 
WATER AND IN SUGAR SOLUTIONS? 


HusEIn Said, and E. D. H. EL SHISHINY 


(WITH FOUR FIGURES) 


Introduction 


Many experimenters have used dises from storage organs in their investi- 
gations of solute absorption and respiration but very few have realized and 
considered the effect of the thickness of these dises. Thus RuHLAND (2) 
examined dises of beet and carrot roots of 3- and 1-mm. thickness immersed 
in salt solutions and showed that salt absorption was considerably greater in 
the thinner dises. STEWARD and co-workers (6, 8, 9) using potato dises of 
varied thicknesses, noted that thinner slices always attained higher respira- 
tion rates and salt absorption ratios than thicker dises. 

In a previous work, the senior author has made a detailed study of the 
respiration and sugar absorption by carrot and radish root dises of varied 
thicknesses (4). In the present paper, the authors endeavor to expose the 
effect of variation in dise thickness on the various nitrogen fractions of 
radish root slices immersed in water and sucrose solutions. 


Methods 


The methods used for the estimation of CO, output by the tissue samples 
and also for the analysis of the sugar media have already been mentioned in 
two previous papers (4, 5). 

The methods that were used for the determination of the different nitro- 
gen fractions of the radish slices were mainly those described in a report by 
Pumps (1). The various nitrogen fractions determined in the water 
extracts were ammonia-, nitrate-, amide-, and total crystalloid-nitrogen ; the 
difference between the latter and the sum of the first three fractions gives 
the so-called ‘‘other nitrogen’’ which may include peptides, peptones, and 
the free amino acids. The insoluble nitrogen (protein-N) was also deter- 
mined in the dried residue. The slices used in this investigation were taken 
from roots of Raphanus sativus Aegyptiacus which have long fusiform white 
roots (fig. 1). In preparing the experimental material healthy mature 
plants were dug, topped, washed, and dried. The slicing was carried out 
by means of a sledge microtome. 

For the present investigation eighteen sliced samples were prepared, two 
of which were extracted with distilled water and analyzed immediately for 
the different nitrogen fractions. The remaining sixteen samples were of 
the following thicknesses : 4, 0.3 mm.; 4, 1.0 mm.; 4, 2.0 mm.; and 4, 4.0 mm. 


1 This is the third of a series of papers on the general subject of Researches on Plant 
Metabolism. 
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In order to obtain comparable samples, the preparation of the slices from 
every radish root as to the number and thickness, respectively, was as fol- 
lows: 7, 3 mm.; 2, 1.0 mm.; 1, 2.0 mm.; 1, 4.0 mm.; 7, 0.3 mm.; 2, 1.0 mm.; 
and1,2.0mm. This sequence was repeated and every two consecutive dises 
of the same thickness were halved to furnish the required four samples of 
each thickness. 


Fig. 1. Typical plant of Raphanus sativus Aeguptiacus. 


All samples were placed in muslin bags and left in a large jar containing 
5 liters of sterile distilled water. Aeration was accomplished by passing a 
strong current of air through the jar. After 48 hours a sample of each 
thickness was extracted and analyzed for the nitrogen fractions. The re- 
maining fractions were drained and transferred to the plant chambers, each 
being furnished with the sterile distilled water or sugar solution according 
to the following scheme: 


Dise thickness 
in mm. 
0.3 Distilled water 


0.3 1 per cent. sucrose 


Sample Medium, 250 ml. 


0.3 1 per cent. sucrose 
1.0 Distilled water 
1.0 1 per cent. sucrose 
1.0 1 per cent. sucrose 
2.0 Distilled water 
2.0 1 per cent. sucrose 
2.0 1 per cent. sucrose 
10 4.0 Distilled water 
11 4.0 1 per cent. sucrose 
12 4.0 1 per cent. sucrose 


Immediately after introducing each sample into its respective medium, 
the latter was sampled and CO,-free air was then passed through the appa- 
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ratus which has been described in an earlier publication (4). This con- 
tinued for 3 days during which the CO, output by the tissue slices and also 
the sugar concentration of the media were measured at 24-hour intervals. 

At the end of the experiment, the radish samples were drained, washed 
with distilled water, extracted, and then analyzed immediately for their 
nitrogen fractions. The remaining media with their washings were made 
up to volume and kept under toluene for further analysis. 


Results 
ANALYSIS OF THE MEDIA 


The data of the sugar media have been thoroughly discussed in a previous 
paper (4). It has been established beyond doubt that sucrose is always 
hydrolyzed in the medium before absorption by the tissue slices. The rate 
of sucrose hydrolysis is increased as the thickness of the dises is decreased. 

The total sugar uptake by the tissue samples of varied thicknesses are 
recorded in table I and represented graphically in figure 2. It is clear that 

















TABLE I 
TOTAL SUGAR UPTAKE BY TISSUE SAMPLES OF VARIED THICKNESSES 
at Renee TOTAL SUGAR UPTAKE 

SAMPLE DISC THICKNESS i 72 BouRs*® 
mm. | gm. 
2 0.3 2.84 
3 0.3 | 2.80 
5 1.0 2.77 
6 1.0 2.86 
8 2.0 2.35 
9 2.0 2.19 
11 4.0 1.81 
12 4.0 £37 








* Grams of glucose per 100 gm. fresh weight. 


the sugar uptake was increased as the thickness of the slices was decreased 
from 4 to 1 mm.; further decrease below 1 mm. caused no inerease in the 
amount of sugar absorbed. 


RESPIRATION OF TISSUES 


The CO, output by the tissue slices of various thicknesses is given in table 
II and represented graphically in figure 3. It can be seen that the highest 
CO, output was by the slices of 0.3-mm. thickness, the lowest being produced 
by the 4mm. dises. This is true in the cases of starved and sugar-fed 
samples. These results are in complete harmony with those of STEwaArD 
et al. (6, 7, 8). 

It may be argued that anaerobic respiration might have been going on 
inside the thick dises (2- and 4-mm.) and hence their low CO, output. The 
alcohol produced in these discs was unfortunately not determined. It should 
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Fig. 2. Total sugar uptake by tissue samples of varied thickness. 


be recalled, however, that the senior author (3) estimated the aleohol that 
was produced in earrot discs of similar thicknesses as those used in the 
present investigation; the values obtained being too small to account for 
the observed decrease in the CO, output with increasing the thickness of 
the dises. 

Figure 4 illustrates the total CO, output by the tissue samples in relation 
to thickness of the dises. It is clear that the effect of disc thickness on 
respiration is more apparent in the sugar-fed samples than in the starved 
tissues. This is obvious since the respiratory substrate (carbohydrate) has 
become low in these starved samples, the rate of carbohydrate disappearance 
being greater in the thinner slices. 


TABLE II 


CARBON DIOXIDE OUTPUT BY TISSUE SLICES OF VARYING THICKNESSES 








CO, ouTPUT* 
Disc _ - — 

THICKNESS ST SECOND | THIRD 
24 AR. 24 AR. 
mm, gm. gm. gm, 
Dist. water y 0.33 0.34 
1% sucrose | ve. 0.92 0.90 
1% ** J 0.96 | 0.84 
Dist. water 35 0.30 0.29 
1% sucrose o 0.70 0.75 
1% ¥ 0.68 0.67 
Dist. water > 0.23 0.22 
1% sucrose , 0.47 0.53 
1% ~=* 3s 0.45 | 0.56 
Dist. water 0. 0.17 0.15 
1% sucrose “a 0.36 0.40 
. 1% sin J 0.38 0.42 
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Fig. 3. Carbon dioxide output per 24-hour period by tissue slices of various thick- 
nesses. The top curve of each thickness shows the respiration rate of the slices suspended 
in sugar; the lower curve shows the respiration rate of slices starved in water. 


The relative respiration intensity of the sugar-fed samples has already 
been discussed in a previous paper (4). The general conclusion may be 
recapitulated as follows: 

As the dise thickness was decreased from 4 to 1 mm., the respiration was 
increased. This increase was suggested to be due to free access of atmos- 
pherie oxygen to the cells near the cut surfaces of the dises. When the 
thickness of the slices was diminished below 1 mm., then two opposite factors 
were in operation; one was the increased access to the atmospheric oxygen 
which tended to-inerease the respiration rate and the other was the increased 
proportion of injured and killed cells which lowered the amount of intact 
cells per equal weights of dises and the respiration would thus be diminished. 

It was further suggested that the duration of the washing period had a 
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Fig. 4. Carbon dioxide output in relation to thickness of tissue slices. 
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great effect on the observed CO, output by the tissue slices. Thus in the 
case of the 0.3-mm. slices, the tissues suffered excessive wounding and the 
washing period of 2 days was apparently not long enough to get rid of their 
wound-healing metabolism. The observed high respiration of these thin 
slices was explained as the resultant of two components: (a), the normal CO, 
output by the healthy intact cells in the slices; and (b), extra CO, output 
due to the wound healing metabolism. 


ANALYSIS OF TISSUES 
The results obtained from the analysis of the tissues for their nitrogen 


fractions are recorded in table III. For convenience the data will be dis- 


TABLE III 


THE EFFECT OF THICKNESS ON NITROGEN DISTRIBUTION. THE DIFFERENT NITROGEN 
FRACTIONS ARE GIVEN IN MILLIGRAMS PER 100 GRAMS FRESH WEIGHT 








THICKNESS 
PROCEDURE 
NITRATE N 
AMMONIA N 
OTHER-N 
SOLUBLE N 
TOTAL IN- 
SOLUBLE N 


SAMPLE 





mg. 
Analyzed immedi- é 14.52 

ately 31.7 14.5 
14.48 
Aerated q 8.98 

48 hr. in dis- ‘ 10.41 

tilled water } 12.61 40.81 85.41 
15.12 40.06 87.38 
120 hr. in water | 20.: 9.46 1.17 | 25.75 56.66 
48 hr. in water 6.93 3.64 | 27.83 38.40 
and 72 hr. in 6.76 | 3.38 | 27.99 38.13 
1% sugar 6.59 | 3.12 | 28.15 37.86 
120 hr. in water | 22.7: 9.59 | 1.19 | 26.77 60.30 
48 hr. in water 2. 9.23 | 1.19 | 34.13 47.23 
and 72 hr. in 3. 9.13 | 1.19 | 34.07 47.79 
1% sugar 12 9.03 | 1.19 | 34.01 48.35 
120 hr. starv. 25.45 | 13.78 1.19 27.15 67.57 
48 hr. starv. and | 7.26 | 10.02 | 149 | 36.36) 55.15 | ¢ 
72 hr. in 1% 10.32 | 1.49 | 36.36 | 54.88 | 
sugar ‘ 10.61 | 1.49 | 36.36 | 54.61 
120 hr. starv. 27. 15.27 | 1.49 28.87 73.43 
48 hr. starv. and ‘ 10.96 | 2.64 | 29.50 57.81 
72 hr. in 1% 2. 10.79 | 2.64 | 29.79 | 57.28 


sugar typ 10.61 | 2.64 | 30.08 56.75 
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© 
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mg. mg. 

54.62 | 102.30 
54.69 | 103.41 
54.75 | 104.51 
28.05 59.63 
32.77 72.15 
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eussed under two separate headings: (1), dise thickness in relation to star- 
vation ; and (2), dise thickness in relation to sugar-feeding. 

Disc THICKNESS IN RELATION TO STARVATION.—The behavior of the total 
soluble and insoluble nitrogen—During the washing period of 48 hours 
which followed the cutting of the samples, there was a general decrease in 
the total soluble nitrogen. The smallest decrease was in the tissue slices of 
4-mm. thickness, the highest being in the 0.3-mm. dises. Such decrease in 
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the total soluble nitrogen continued also in the starving samples during the 
experimental period of 72 hours, but the decrease from the 0.3-mm. dises 
was less than that from the 1-mm., and the latter less than that from the 
2-mm. discs. 

It should be recalled here that the respiration rate of the 0.3-mm. slices 
was very much higher than that of the 1-mm.; the latter being much higher 
than that of the 2-mm. slices. This higher respiration of the thinner slices 
must have depleted their carbohydrates more rapidly than in the thicker 
tissues and this rapid depletion of carbohydrates might account for the 
slower disappearance of soluble nitrogen from the thinner slices. Indeed, 
it seemed as if the carbohydrate content of the 0.3-mm. dises was too low to 
effect any protein synthesis during the experimental period of 72 hours. 

The amount of soluble nitrogen that disappeared from the 4-mm. was, 
however, smaller than that from the 2-mm. dises. This, at first sight, would 
seem to contradict the previous suggestion for the 0.3-, 1-, and 2-mm. slices 
since the respiration rate of the 4-mm. slices was always lower than that of 
the 2-mm. ones and their carbohydrate content would presumably be greater. 
In the ease of the 4-mm. dises, therefore, there must have been a factor other 
than carbohydrate content limiting the rate of disappearance and utilization 
of soluble nitrogen; such factor being, in all probability, the low oxygen 
concentration in the inner layers of cells. 

Examination of the data of the insoluble nitrogen revealed that only a 
fraction of the nitrogen that disappeared from the soluble compounds was 
synthesized into insoluble nitrogen (protein) while the rest was recovered 
from the external media. 

In the ease of the 0.3-mm. slices, protein synthesis took place most rapidly 
during the washing period of 48 hours and then stopped, presumably due to 
carbohydrate shortage. In the 1-mm. dises, the protein synthesis went on 
rather slower than in the 0.3-mm. tissues but continued throughout the wash- 
ing period of 48 hours and the experimental period of 72 hours. By the end 
of the experiment, the protein nitrogen content of the 1-mm. was almost the 
same as that of the 0.3-mm. dises. 

Samples of both 2- and 4-mm. slices showed no net gain of protein during 
the washing period of 48 hours, in fact there was a slight diminution in their 
insoluble nitrogen contents. This diminution might be due to the rapid 
disorganization of the protoplasm of the cut cells on the surfaces of these 
dises ; the proteins of these cut cells were hydrolyzed and then exereted into 
the external media. The protein synthetic capacity was limited because of 
the low oxygen concentration in the core of these thick dises and consequently 
the rate of protein formation was apparently not rapid enough to compensate 
for the disintegrated proteins at the surface of these slices. During the 
experimental period of 72 hours, protein synthesis went on steadily until 
finally their protein contents exceeded the initial values. 

The behavior of soluble nitrogen fractions.—Nitrate nitrogen.—The 
nitrate nitrogen disappeared rapidly during the washing period of 48 hours. 
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The biggest decrease was shown in the 0.3-mm. with less decrease in 1-mm. 
slices ; the sample of both 2- and 4-mm. slices behaved similarly and showed 
the smallest decrease in nitrate nitrogen. 

In the later period of 3 days, there was no further reduction of nitrates 
in the 0.3-mm., little reduction in the 4-mm. (2.07 mg. nitrate N reduced), 
and finally 4.13 and 4.15 mg. nitrate nitrogen disappeared from the samples 
of 1- and 2-mm. slices, respectively. This suggests that the shortage in the 
carbohydrate supply in the 0.3 mm. slices might have been responsible for 
the later checking of the nitrate reduction in these discs; while in the 4-mm. 
slices, the low oxygen concentration in the inside cells seemed to limit the 
disappearance of the nitrates from these thick slices. The 1- and 2-mm. 
dises showed the interaction of these two factors. In the 1-mm. slices oxy- 
gen concentration was fairly high for all cells but carbohydrate supply was 
low (though still higher than in the 0.3-mm. material), while in the 2-mm. 
slices carbohydrate supply was relatively high but the oxygen concentration 
gradient between the outermost cells and those of the core was steeper than 
in the 1-mm. dises (less steep than in the 4-mm.). The net result of the 
interaction of those two factors was the greater reduction of nitrates from 
both 1- and 2-mm. than either 0.3- or 4-mm. slices. 

*‘Other nitrogen.’’—This fraction includes the amino acids, peptides, 
and peptones. The effect of thickness of the dises on this nitrogen fraction 
was almost identical with that on the nitrate nitrogen. Thus there was 
rapid decrease in the ‘‘other nitrogen’’ and the most rapid decrease was 
shown in 0.3-mm. ; smaller decrease was shown in the 1-mm.; and the smallest 
decrease was shown in the 2- and 4-mm. slices, both behaving similarly. 

During the experimental period of 3 days, only 2.30 mg. of this ‘‘other 
nitrogen’’ disappeared from the 0.3-mm. dises and this apparently diffused 
out into the external medium (compare the total nitrogen of the 0.3-mm. 
slices before and after the experimental period). 

The samples of the other thicknesses showed decreases in this nitrogen 
fraction amounting to 6.00, 13.66, and 11.19 mg. nitrogen from the 1-, 2-, and 
4-mm. slices, respectively. These amounts together with the nitrogen that 
disappeared from the nitrate fraction (presumably being reduced and 
transformed into, perhaps, amino nitrogen) were most probably the soluble 
nitrogen fractions that contributed partly to the synthesis of protein nitro- 
gen and partly to the nitrogen compounds that had been excreted into 
external media. 

Amide and ammonia nitrogen.—It was rather difficult to find any defi- 
nite relationship between these two fractions and the other nitrogen frac- 
tions. All data seemed to point towards the unimportance of the proteins 
throughout the experiment. The disappearance of amide nitrogen was rela- 
tively greater in 0.3-mm. slices; this amide nitrogen lost from the thin slices 
might have escaped out into the external media. The values for ammonia 
nitrogen hardly showed any drop in all cases during the first 48 hours and 
then dropped slightly in the later period of 3 days; no effect of thickness 
was apparent. 
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Disc THICKNESS IN RELATION TO SUGAR-FEEDING.—The behavior of total 
soluble and insoluble nitrogen.—The sugar-feeding caused losses in the total 
soluble nitrogen amounting to 18.5, 12.51, 12.69, and 16.15 mg. nitrogen 
from the 0.3-, 1-, 2-, and 4-mm. slices, respectively (table III). Such losses 
were accounted for partly by increase in the protein nitrogen and partly 
by excretion of some soluble nitrogen compounds into the external sugar 
media. 

Examining the total insoluble nitrogen data, it seemed that the maximum 
protein synthesis took place in the 1-mm. slices (9.75 mg.), the second best 
synthesis took place in the 0.3-mm. slices (8.79 mg.), while the 2- and 4-mm. 
slices behaved similarly and showed the smallest protein synthesis (4.09 and 
4.00 mg., respectively) in spite of the fact that these slices had taken up 
fairly large quantities of sugar from their media (fig. 2). 

It is interesting to note that the 0.3-mm. slices showed no increase in their 
protein-synthetic capacity over the 1-mm. slices; in fact, the former showed 
a slight decrease in this capacity. This might be explained as due to the 
increased number of injured cells in proportion to the intact cells in the 
0.3-mm. slices and hence this serves as further evidence substantiating the 
suggestion that the injury effect in slices below 1-mm. thickness is more 
appreciable on the metabolic activities of the slices (as sugar absorption) 
than on the respiration (4). 

Although the 2- and 4-mm. thick slices had adequate supplies of sugar, 
it seemed that the protein-synthetic capacity was limited by some factor 
such as the oxygen concentration gradient between the surface and the 
innermost cells. This gradient was small in the 1-mm. slices and thus they 
showed maximum protein synthesis on sugar-feeding. As the thickness of 
the slices was increased from 1 to 2 mm., the oxygen gradient became steeper 
and its effect on protein synthesis more apparent (2-mm. slices showed the 
least protein synthesis in sugar feeding). The oxygen gradient, however, 
did not seem to have any further effect on protein formation as the thickness 
of the slices increased from 2 to 4 mm. 

Investigation of the total nitrogen analysis showed that there was mini- 
mum excretion of nitrogen into the sugar medium of the 1-mm. slices (2.76 
mg. N). In the 0.3-mm. dises the nitrogen that diffused out to the medium 
was 9.74 mg., presumably due to the excessive injury of the cells. The 2- 
and 4-mm. slices showed excretions of nitrogen into their media amounting 
to 8.60 and 11.65 mg., respectively. Such excretions of nitrogen were prob- 
ably due to shortage in oxygen concentration in the innermost layers of 
cells; the inside of the 4-mm. had a lower oxygen concentration than that 
of the 2-mm. dises and hence the higher excretion of nitrogen from the 
former. It may be worth while to mention here that the senior author stated 
that absence of oxygen from the atmosphere caused excretion of nitrogen 
compounds from carrot slices into the external medium (3). 

The behavior of soluble nitrogen fractions.—Nitrate nitrogen.—The 
analysis of this nitrogen fraction confirmed all the interpretations men- 
tioned before in the starving tissues. 
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On supplying sugar to the 0.3-mm. slices the reduction of nitrates went 
on very rapidly until all the nitrate nitrogen disappeared by the end of the 
experiment; thus supporting the suggestion that the shortage in carbo- 
hydrate content of the starving 0.3-mm. slices was responsible for the check- 
ing of the nitrate reduction in these tissues. 

The 4-mm. slices showed the lowest nitrate reduction on sugar feeding 
(15.14 mg. nitrate N being reduced) and this again was probably due to 
the low oxygen concentration in the core of these thick slices. The 1- and 
2-mm. slices showed the same capacity to reduce nitrates on sugar feeding, 
being intermediate between that in the 0.3-mm. slices on one hand and in 
the 4-mm. slices on the other hand. 

*‘Other nitrogen.’’—This nitrogen fraction increased in all sugar-fed 
samples. Such inerease in this ‘‘other nitrogen’’ apparently came from 
the nitrate nitrogen which had been reduced and transformed into, perhaps, 
amino nitrogen. A fraction of this ‘‘other nitrogen’’ was synthesized into 
protein while another fraction diffused into the external media. 

Amide- and ammonia-nitrogen.—These fractions were relatively small 
and showed very little change to warrant definite conclusions. The amide- 
nitrogen values were again highér in the thicker slices. 


Summary 


1. An experiment is reported in which tissue slices of varied thicknesses 
from roots of the radish (Raphanus sativus Aegyptiacus) were washed in 
water and then floated on distilled water or sucrose solutions. The aim of 
this experiment was to study the effect of disc thickness on the respiration 
and nitrogen metabolism of these sliced radish samples. 

2. Respiration of the radish slices was increased as the disc-thickness 
was diminished. 

3. Nitrate reduction was greater in the thinner slices. 

4. Sucrose uptake and protein synthesis were both increased as the thick- 
ness of the discs was decreased from 4 to 1 mm. Slices of thickness smaller 
than 1 mm. showed no further increase in sugar uptake or in protein 
synthesis. 

5. The nitrogen fractions which played a major réle in the protein 
synthesis in the radish slices of varied thicknesses were the nitrate and 
the ‘‘other nitrogen.’’ The amide and the ammonia nitrogen were not sig- 
nificantly affected by variations in the dise thickness. 


The authors wish to thank Pror. F. J. Lewts for his help and encour- 
agement. 
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EFFECT OF NUTRIENT RATIO AND CONCENTRATION ON 
GROWTH AND COMPOSITION OF TOMATO PLANTS 
AND ON THE OCCURRENCE OF BLOSSOM-END 
ROT OF THE FRUIT’ 


8. M. RateEIaguH and J.<A. CHUCKA 


Introduction 


Much work has been done on physiological balance where from two to 
six major elements have been varied, with the osmotic concentration nearly 
constant. In this experiment only one major element was varied in the 
ratio, but no attention was paid to the osmotic concentration. This would 
be more nearly like the application of fertilizer under field conditions. 
Blossom-end rot has recently been reviewed by Roppins (2) with many 
references given on the subject. In most cases a disturbance of the normal 
water relations has been assigned as a cause of the physiological disease. 
This experiment was set up to study the effect of balance of nutrient ele- 
ments on the growth of tomato plants grown in sand culture using the 
subirrigation method. 


Materials and methods 


Individual plants of Marglobe tomatoes were grown in plant bands in a 
large moisture-proof box, being fed nutrient solution twice a day by the 
subirrigation method (3), the sand being the same as that used in the regu- 
lar experiment. When the plants were between two and three inches high, 
they were transferred to two-gallon glazed crocks with a hole in the side 
at the bottom. A number three rubber stopper with an eight-millimeter 
glass tube reaching to the center of the bottom of the crock was fastened 
securely in the hole. Over the end of the eight-millimeter tube was placed 
a sixteen-millimeter glass tube about ninety millimeters long, the ends of 
which were covered with glass wool. This allowed very quick filling and 
draining of the crocks. 

The crocks were then filled to within 14 inches of the top with no. 20 
white diamond silica sand, which had previously been sieved through a 
Clipper seed cleaner and then washed. The smallest sand grains passed 
over a 20-mesh sieve while the largest were about 14-mesh. This sand, 
having no particles less than 20-mesh, drained very quickly. 

The two-gallon crocks were then placed on a rack and connected by }-ineh 
rubber tubing to one-gallon crocks on a movable support. 

The movable supports were connected by a chain to a shaft which was 
driven by a }-horse-power, back-geared, electrically reversible motor. The 
height to which the one-gallon crocks were raised and lowered, and the 
reversing of the motor were controlled by a double pole, double throw switch 
in series with a single pole, double throw electric time clock. 


1 Investigation conducted with financial aid of the Coe Research Fund of the Univer- 
sity of Maine. 
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The plants were watered automatically four times a day, thus insuring 
very uniform feeding and aeration conditions. Distilled water was added 
daily to bring the water supply for each plant up to the 34-liter mark. 

Stock solutions were made up by dissolving one gram of chemically pure 
salt to ten or twenty milliliters of distilled water; this was then measured 
out with a pipette or graduate cylinder and poured into approximately 
thirteen liters of distilled water. After adding all the nutrients, the solution 
was then made up to fourteen liters. 

The ratios and concentrations varied about a base solution called regular, 
hereafter known as R, which contained the following parts per million of 
the elements : nitrogen, 600; phosphorus, 100; potassium, 400; calcium, 500; 
magnesium, 200; and sulphur, 200. 

In the concentration series the above six nutrient elements were used 
at 4, 4, 2, and 4 times the R concentration; thus +R would contain, in 
parts per million, 150 nitrogen, 25 phosphorus, 100 potassium, 125 calcium, 
50 magnesium, and 50 sulphur. In the ratio series only one of the elements 
was varied at a time. They were varied at the rate of 4, 4, 2, and 4 times 
for each element; thus } N contained 150 p.p.m.; 4 N, 300 p.p.m.; 2 N, 1200 
p.p.m.; and 4N, 2400 p.p.m. of nitrogen. The phosphorus, potassium, eal- 
cium, magnesium, sulphur, and minor elements were at the R rates. 

It will be noted that the concentration series designated as } R, 4 R, R, 
2 R, and 4R has the same amount of nitrogen as the } N, $N, R, 2N, and 
4N; the same amount of potassium as the } K, } K, R, 2K, 4K; the same 
amount of calcium as the } Ca, 4Ca, R, 2 Ca, 4Ca; the same amount of 
magnesium as the } Mg, 4 Mg, R, 2 Mg, 4 Meg; and the same amount of 
sulphur as the $8, $8, R, 28,48. In 22 of the 33 treatments it was pos- 
sible to get the desired concentrations and ratios by merely changing the 
proportions of the salts used as sources of the nutrient elements. In the 
remaining 11 treatments, it was necessary to use chlorides* to balance the 
relatively high cation concentration. The solution 2 as given by HoaAGuanp 
and ARNon (1) was used as a check. Four plants, each in an individual 
two-gallon crock, were used for each treatment in 1939 and 1940. They were 
planted outdoors after the last frost, the second week in June, and were 
harvested about the middle of September. The solutions were changed 
once a week. In 1939, a second } R was changed twice a week; also, a series 
on phosphorus was run at +P, $P, R, 2P, and 4P, which produced very 
uniform plants with little or no blossom-end rot. 

In 1940, a second calcium series was used in place of the phosphorus 
series designated as } Ca/2, 4 Ca/2, 4 R, 2 Ca/2, and 4Ca/2. In this series, 
the concentration of all of the six major nutrient elements was exactly 
one-half of that used in the regular calcium series. In fact, the regular 
calcium series was made up except for the minor elements, then split in half, 
minor elements added, then made up to 14 liters. 


2 The parts per million of chlorine in the 11 treatments were + N, 885; 4 N, 514; 
2K, 117; 4K, 843; 2 Ca, 884; 4Ca, 2654; 2 Ca/2, 442; 4Ca/2, 1827; 2 Mg, 338; 4 Mg, 
1504; and 38, 88. 
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Results 
GROWTH OF PLANTS 


The tomato plants in all of the replicates grew uniformly well. With 
the exception of the plants grown with 4R and 4N, the plants grew to 
an average height of between three and four feet. The } R and 4Ca were 
the only treatments which grew plants shorter than those grown with the 
check treatments (table I). All of the plants showed considerable rolling 
of the lower leaves. These rolled leaves, however, remained alive and green 
on all the plants with the exception of those grown on 4.N. The lower leaves 
on the plants grown with 4N died and fell off the plant. 

The green weight of the vines in general averaged 600 to 700 grams. 
The lighter plants were produced with treatments 4.N, 4R, 4Ca, and }R. 
The heavier plants were produced with treatments 4 N, } Ca, 48, 4 R, 2K, 
and } Mg. 

NUMBER AND WEIGHT OF FRUITS 


The average number of fruits one inch in diameter and larger ranged, 
in general, from 10 to 14 per plant. The first hands on plants grown with 
+R, 4N, and Hoaeuanp nutrient solution produced considerably larger 
fruits than did plants grown with other treatments. These same treatments, 
however, produced small fruits on the second and third hands. The }Ca 
produced more hands and averaged more fruit than did any other treat- 
ment. In 1939, all of the fruits on this treatment were very small but, 
in 1940, a few fruits which escaped blossom-end rot were good sized. 

The average weight of fruits per plant varied from about 1000 to 1400 
grams. Treatments $ R, 3 N, and 48S produced over 1500 grams per plant. 
The 4N treatment averaged 236 grams, whereas the 4 R treatment averaged | 
468 grams; in both treatments, there was exactly the same amount of 
nitrogen. 

CHEMICAL COMPOSITION® 


The vines, fruits, and roots of the tomato plants produced in this experi- 
ment during the 1939 season were analyzed in an attempt to ascertain the 
relation between chemical composition of tomato plants and the occurrence 
of blossom-end rot, and also to study the effect of nutrient ratio and concen- 
tration on the chemical composition of the plants. 

The tomato plants produced with different treatments showed consider- 
able variation in composition. In some cases, rather definite trends are evi- 
dent, which appear to be related to the variations in the nutrient solutions. 

The ash content of the tomato plants (table II) tended to increase with 
an increase in potassium, calcium, or total concentration of nutrient solu- 
tions. The ash content tended to decrease with increasing nitrogen and 
sulphur in the nutrient solutions. 

8 These chemical analyses were made under the supervision of Dr. CHARLES A. BRAUT- 


LECHT, Professor of Chemistry and Chemical Engineering and Collaborating Chemist in 
Agricultural Experiment Station, University of Maine, Orono, Maine. 
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As the concentration of the nutrient solution was increased, the nitrogen 
in the vines, fruit and roots, the phosphorus of the roots, the potassium of the 
vines, fruit, and roots, and the sulphur of the roots increased and the mag- 
nesium of the roots decreased. 

When nitrogen was increased in the nutrient solution the nitrogen con- 
tent of the vines, fruit, and roots was increased. It was very evident that 
high nitrogen delayed maturity and phosphorus in the roots increased. Cal- 
cium in the vines and magnesium in the vines and roots decreased as the 
nitrogen was increased. 

With an increase in phosphorus in the solution the phosphorus content 
of the vines, fruits, and roots increased ; the magnesium and sulphur of the 
roots decreased. 

When potassium in the solution was increased, the nitrogen in the vines, 
fruits, and roots decreased. Phosphorus in the vines decreased while it in- 
creased in the roots. Potassium in the vines, fruit, and roots increased. 
Calcium in the vines decreased while calcium in the roots increased. Mag- 
nesium in the roots decreased, while sulphur in the roots increased. 

With an increase in calcium in the nutrient solution, nitrogen in the 
vines, fruit, and roots decreased, potassium in vines decreased. Calcium in 
the vines and roots increased, and magnesium in the roots increased. 

When sulphur was increased, the nitrogen in the vines increased ; in gen- 
eral, calcium and magnesium decreased and sulphur in the roots increased. 


OCCURRENCE OF BLOSSOM-END ROT 


The occurrence of blossom-end rot in the concentration series was similar 
to the results of Rosppins (2), except that the percentages in this experiment 
were much lower. . It must be remembered that the plants in this experiment 
were grown in the open in a climate with a rather high humidity and rela- 
tively cool days. Hot, bright days appear to hasten blossom-end rot, and 
also kill the plant when grown in unbalanced solutions, as was observed in 
a preliminary experiment in 1938. 

Plants grown on the 2 N treatment which had the same amount of nitro- 
gen as the plants grown with 2 R had more than twice as much blossom-end 
rot, and the 4N plants with the same amount of nitrogen as 4R plants had 
neariy twice as much blossom-end rot as 4 R plants. The 4K plants with the 
same amount of potassium as 4 R plants had about the same amount of blos- 
som-end rot. In this case, chlorine may be the cause of the blossom-end rot. 
The 4 Mg plants with the same amount of magnesium as the 4 R plants had 
considerably more blossom-end rot than the latter, and perhaps here also 
chlorine may be the cause of the blossom-end rot. The 28 plants with the 
same amount of sulphur as 2 R plants had about the same amount of blossom- 
end rot, whereas the 4S plants with the same amount of sulphur as 4 R had 
nearly twice as much blossom-end rot. 

In no instance could the blossom-end rot be attributed to the osmotic 
values (table III) of the solutions, for in all cases the R series plants had a 
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higher osmotic value than the nitrogen, potassium, magnesium, or sulphur 
series plants; yet, in all cases they had less blossom-end rot. 

In the calcium series, 55.20 per cent. of the fruits on the } Ca plants and 
20.56 per cent. of fruits on the 4 Ca plants showed blossom-end rot, while } R 
plants and 4 R plants with the same amount of calcium as in the calcium 
series produced no blossom-end rot. The blossom-end rot on the 4 Ca plants 


TABLE III 


THE PERCENTAGE OF CALCIUM IN THE VINES, ROOTS, AND FRUIT; THE OSMOTIC VALUE OF THE 
SOLUTIONS ; AND THE PERCENTAGE OF THE FRUITS WITH BLOSSOM-END 
ROT ARRANGED WITH PERCENTAGE CALCIUM IN THE 
FRUIT IN DECREASING ORDER 








PERCENTAGE CALCIUM 





PERCENTAGE BLOSSOM-END ROT 





TREATMENT 


. . Pom OsMOTIC 
VINES Roots 1939 1940 AV. <a 





% % % atm. 
0.00 0.00 0.00 1.28 
0.00 0.00 0.00 0.66 
0.00 0.00 0.00 1.13 
0.00 0.00 0.00 1.28 
0.00 0.00 0.00 0.54 
2.17* 9.75" | 5.75 1.39 
0.00 5.00* 2.35 2.09 
2.17* 0.00 1.20 1.30 
5.88* 1.52* | 3.43 | 1.20 
0.00 2.44* 1.15 1.02 
182° | 3.64* | 2.73 1.36 
0.00 0.00 0.00 0.52 
0.00 0.00 | 0.00 1.18 
0.00 | 4.26* 2.22 1.31 

13.64¢ | 6.45* | 10.67 2.03 
38.46t | OS a i 
40.43¢ | 25.716 34.15 
83.33t | 51.02t 63.29 
10.42 | 0.00 | 5.62 
29.79¢ 13.336 20.56 

0.00 18.03* | 10.78 

32.65t | 24.00¢ 28.28 

66.33t | 47.69t 55.20 

37.93t 30.77¢ 34.55 | 
| 


toe & 
BS 





mE Ze 








Om 
* ag 
Go G71 99 G2 BO Go G0 He 


mm bo im && 
RSSESSESE 


= 
a 





oro 
Ce) 
SR ee et eS et et 09 


DHOWWONNI WH OAHA 
COD eK Oe WK AQ“ WwsIs 





OR RRA Ay 
bo ge ge 
coc 
@ bo @ 


ar 
a 


Q 

--} = 
bt bet 80 G0 Ft CO bt C9 
StewoNSwuUow 
AANSIbNARS 


75.00t 40.38t 58.93 
2.75 . 59.62t | 36.21t 47.27 


t 
; 
; 
t 
4 
2 
+ 
t 
2 
i 
t 
4 
2 
4 
4 
4 
2 
3 
2 
2 
t 
4 
4 
4 


waoRown 


ay 











* Blossom-end rot on 1 plant. 
§ Blossom-end rot on 2 plants. 
+ Blossom-end rot on 3 plants. 
+t Blossom-end rot on 4 plants. 


may have been produced by the chlorine in the solution. The } Ca plants 
were the tallest of all the plants. They were next to the heaviest, and aver- 
aged a larger number of fruits than any other treatment. These plants 
appeared to use about as much water as those on any other treatment. 

In 1940, in order to check the theory of osmotic relationship, in relation 
to the occurrence of blossom-end rot, the calcium series was repeated at 4 of 
the above concentration except for the minor elements which were used at 
the same rates. The occurrence of blossom-end rot in the two series was very 
similar ; in fact, the } Ca/2 plants with osmotic value of 0.55 atmospheres 
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produced fruit with 53.23 per cent. blossom-end rot, while the 4 Ca plants 
with an osmotic value of 1.18 atmospheres produced fruits with 47.69 per 
cent. blossom-end rot. 

It would appear that the balance between the elements is more important 
as a cause of blossom-end rot than the actual concentration of the elements 
or the osmotic concentration of the solution. It also appears that this un- 
balanced condition causes blossom-end rot by preventing the utilization of 
the necessary amount of calcium for norma! fruit formation, for whenever 
the calcium content of the fruit (table III) in this experiment was lower 
than 0.20 per cent., there was generally blossom-end rot on some of the fruits. 


Summary 


Marglobe tomato plants were grown outdoors with subirrigation method, 
using widely different nutrient ratios. 

Response to treatments was measured by height and weight of plant, 
number and weight of fruit, and the occurrence of blossom-end rot. 

The vines, fruits, and roots were analyzed to ascertain the relationship 
between nutrient solutions used and chemical composition of plants, and also 
to study the relationship between composition of plant and incidence to blos- 
som-end rot. 

In general, as a nutrient element is increased in the nutrient solution that 
element tends to increase in the vines, roots, and fruit of the tomato plant. 

When certain elements are increased in the nutrient solution, they have 
a tendency to decrease the content of certain other elements in the plant; for 
example, increasing potassium in the nutrient solution tends to decrease the 
nitrogen content of tomato plants. 

Variation in nutrient solution appears to have much less effect on the 
composition of fruits than it has on the composition of either vines or roots 
of the tomato plant. 

Blossom-end rot was produced at relatively low osmotic values. 

Blossom-end rot was produced by high nitrogen, high sulphur, high mag- 
nesium, high potassium, high chlorine, and low calcium. 

Analysis of the fruits indicated that those plants which produced fruits 
with less than 0.20 per cent. calcium content generally produced fruits with 
blossom-end rot. 
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EFFECT OF TEMPERATURE ON PHOTOSYNTHESIS AND 
RESPIRATION IN RED AND LOBLOLLY PINES 


JOHN P. DECKER 
(WITH TWO FIGURES) 


The growth of red pine (Pinus resinosa Ait.) planted in the Duke Forest 
has been very slow compared with the expected growth of this species within 
its natural range. Seedlings which were three years old when planted 
attained an average height of only 2.36 feet after eight growing seasons (8). 
The average height of fifteen-year-old red pine saplings on medium sites in 
Connecticut was about 17.5 feet (7), 

There is no evidence of damage to the young trees by fungi nor by in- 
sects. The soil of the plot on which the planting was made is reasonably 
fertile as indicated by the good growth of slash pine (Pinus caribaea More- 
let) and loblolly pine (Pinus taeda L.) on the immediately adjacent plots 
which have similar soil. The slash and loblolly pine trees were planted as 
one-year-old seedlings at the same time as the red pine and in eight growing 
seasons attained average heights of 12.6 and 18.2 feet, respectively. The 
supply of moisture is at least as favorable for the growth of trees at Durham 
as within the natural range of red pine, for the ratio of precipitation to 
evaporation is higher in North Carolina than in Connecticut during the 
summer. The maximum photoperiod in Connecticut is about forty minutes 
greater than that at Durham, but it seems unlikely that the photoperiod is 
an important factor, for it has been shown that the length of the growing 
season and the rate of growth of red pine at Durham were not modified by 
artificially prolonging the photoperiod (9). GustTarson (4) reported that 
red pine seedlings must be subjected to freezing during the winter if they 
are to resume growth in the spring. Winters are always cold enough at 
Durham to insure adequate exposure to low temperature for breaking 
dormancy and careful observations have shown (9) that red pine resumes 
growth promptly in the spring. There is a consistent difference in tem- 
perature between the two regions, the mean summer temperature in Durham 
being higher by more than five degrees Centigrade. It is well known that 
temperature may have an important effect on growth and distribution of 
plants (11), and considering the relatively small differences between the two 
regions with respect to other factors, it seemed possible that the difference in 
temperature was of considerable importance in retarding the growth of red 
pine at Durham. 

The most favorable temperature for apparent photosynthesis in many 
plants is lower than that for respiration (13). It can be expected that 
exposure of a plant to temperatures above the optimum for photosynthesis 
will result in a marked decrease in the ratio of photosynthesis to respira- 
tion (P/R), thus causing a shift of the carbohydrate balance of the plant. 
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For example, potato (1), tomato (16), peach, and apple (17) made more 
growth and usually accumulated more carbohydrates at moderate tempera- 
tures than at higher temperatures. There is evidence that the distribution 
of some plants is related to the effect of temperature on P/R. Baldwin 
apple trees accumulated less carbohydrates than Stayman trees when grown 
at high temperatures, and the Baldwin grows best in the cool New England 
region, whereas the Stayman thrives south of that region (18). Hernicke 
(5) believed that one reason the Delicious apple can be grown farther south 
than ean the McIntosh is that the Delicious has a higher rate of apparent 
photosynthesis at high temperatures. Miuer (15) suggested that high 
respiration during the relatively long warm summer nights of the temperate 
zone limits the southward extension of arctic plants. Printz (19) con- 
eluded that the southern limits of Pinus sylvestris and Picea excelsa are 
probably determined by an unfavorable balance between photosynthesis and 
respiration at high temperatures. 

The experimentation reported here was undertaken to discover whether 
there was any indication that the balance between photosynthesis and respi- 
ration in red pine was affected by high temperature in a way that might 
account for the retarded growth of this species in the Duke Forest. The 
effects of a series of temperatures on photosynthesis and respiration in red 
pine seedlings were measured and compared with the corresponding effects 
in seedlings of loblolly pine. The temperatures studied ranged from that 
of a relatively cool summer day to that of a relatively hot day. Loblolly 
pine was used for comparison because it grows well on the Duke Forest, 
suggesting that the effects of summer temperatures on its photosynthesis- 
respiration balance are probably favorable for growth. If the failure of 
red pine to thrive at Durham results from an unfavorable balance between 
photosynthesis and respiration at high temperature, then, presumably, the 
effect of high temperature on one or both of these processes in red pine 
would differ from the corresponding effect in loblolly pine, and the P/R 
ratio of red pine would show a greater proportional decrease at high tem- 
perature than would the P/R of loblolly pine. 


Methods 


The red pine seedlings were four years old and the loblolly pine seed- 
lings two years old. All had been growing in seven-inch pots for one year 
preceding their use in these experiments. The red pine was obtained from 
the New York State College of Forestry at Syracuse, N. Y., the loblolly pine 
from the United States Soil Conservation Service nursery at Chapel Hill, 
North Carolina. The experiments were performed in July and August. 

The method used in measuring photosynthesis and respiration was a 
modification of one which, according to Spornr (21), was first suggested 
by Kreuster and which has been subsequently modified and used by many 
workers. Air is passed through a chamber containing a plant, and the 
change in the carbon dioxide concentration of the air is measured. A de- 
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erease in carbon dioxide is taken as a measure of carbon dioxide absorption 
by the plant, or apparent photosynthesis, and an increase in carbon dioxide 
concentration is taken as a measure of respiration. 

The apparatus is diagrammed in figure 1. It consisted of a pair of shoot 
chambers (A and B)', a light source (13),' three air sampling and analysis 
units of which one is shown, and a flowmeter and valve (18) for regulating 
the flow of air through the shoot chambers. The shoot chambers consisted 
of circular metal bases (5) carrying cylindric tops (1) of transparent cellu- 
lose acetate film. The bases were split to allow insertion of the plant. All 
joints could be sealed from the outside with modeling clay making the cham- 
bers airtight except for the inlet and outlet tubes (4,7). Air temperature 
within a shoot chamber was maintained by circulating the air over a coil of 
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Fig. 1. Diagram of apparatus used in measuring photosynthesis and respiration 
under controlled conditions. Identification of numbered parts is given in the text. 


tubing (3) through which water was pumped from a constant-temperature 
bath. The air was circulated by means of a small centrifugal fan (2) driven 
by an electric motor (6). The shoot chambers were modifications of one 
deseribed by MitcHEeti (14). They were enclosed in a large glazed chamber 
which was maintained at constant air temperature by circulating the air 
through a duct (9) in which it was deflected by a damper over either a 
refrigerated coil (10) or an electric heater. The damper was operated by 
a thermo-regulated controller. A slight positive air pressure was main- 
tained in the chamber by means of a small electric blower which drew fresh 
air from out-of-doors, thus assuring a continuous supply of air of nearly 
constant carbon dioxide content. About one inch of cold tap water flowed 
over the top of the chamber and acted as a heat filter between the lights and 
the shoot chambers. Illumination was provided by 150-watt projector flood 
lamps (13) suspended from a metal frame (14) over the chamber. Eight 
lamps were focussed on each shoot chamber, giving an average light intensity 
of 4,500 foot candles as measured by a Weston Illumination Meter. In the 
later experiments two 300-watt and six 150-watt projector spot lamps were 


1 Letters and figures in italics refer to figure 1. 
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used over each shoot chamber. This combination gave an intensity of 
slightly more than 9,000 foot candles over the eight-inch central cirele of 
each chamber. 

During a measurement of photosynthesis or respiration air samples were 
drawn at a constant rate from the shoot chambers and the large chamber 
through a condenser (19) to remove water vapor and then into the analysis 
units. To simplify the diagram only one of the three analysis units is 
shown in figure 1. It consisted of a wet-test gas meter (15) and a carbon 
dioxide absorption tower (16). Similar units were connected with the out- 
let tube of the other shoot chamber and with the blank sampling tube (8). 
The volume of the air sample was registered on the gas meter, the air bubbled 
through a special carbon dioxide absorption tube charged with dilute sodium 
hydroxide solution, and the carbon dioxide content was then measured by 
titration of the absorbent solution. The difference in carbon dioxide con- 
centration between the blank sample and the sample from the shoot chamber, 
multiplied by the total volume of air which had passed through the shoot 
chamber, gave the total amount of carbon dioxide absorbed or liberated by 
the plant. The method used in analyzing air samples was essentially similar 
to that described by Hetnicke and Horrman (6). A small amount of 
n-butyl aleohol was added to the absorbent solution to decrease surface ten- 
sion and accelerate absorption (22), and the reservoir for the absorbent 
solution was a special 250-ml. volumetric flask (77) which simplified the 
dilution of the absorbent solution for titration. 

The routine procedure used in making measurements of photosynthesis 
and respiration was as follows. The seedlings were sealed in the shoot cham- 
ber and left for one hour under the desired conditions to allow the rate of 
photosynthesis to become stable. During this time the air sampling appara- 
tus was operated with the absorption towers by-passed. Air samples were 
then drawn through the towers continuously for one hour. At the end of 
the photosynthesis measurement the shoot chamber was darkened, fifteen 
minutes were allowed for the respiration rate to become stable and respira- 
tion was measured for a one-hour period. The shoot chambers were again 
illuminated and the controls reset for the second temperature. Thirty to 
sixty minutes were required to attain the desired temperatures and thirty 
minutes at this temperature were allowed before the measurement of photo- 
synthesis was made. This was followed by a measurement of respiration 
at the same temperature. The routine was repeated for the third tempera- 
ture. 

Preliminary tests showed that the rate of photosynthesis remained un- 
changed for at least six hours at each of the experimental temperatures. It 
seems therefore that measurements made according to the procedure out- 
lined above should be fairly representative of the activity of the plant for 
at least six hours at that temperature. Similar tests were made for respira- 
tion measurements, and it was found that the respiration rate remained 
constant for at least three to six hours in darkness. These results are similar 
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to those of McALister (12) who found that the respiration rate of wheat 
seedlings was the same immediately after they were darkened as after ten 
hours of darkness. 

Another series of preliminary tests was made to determine the effect of 
air supply on photosynthesis. Hetnicke and Horrman (6) found that 
photosynthesis was retarded markedly in apple leaves when air was supplied 
at a rate so low that more than 15 to 20 per cent. of the carbon dioxide was 
removed. Photosynthesis in pine was found to be affected similarly. In 
all the following experiments the air supply was so adjusted that the carbon 
dioxide content of the air was reduced 15 per cent. or less. The air sampling 
apparatus drew air through the shoot chambers at about four cubic feet per 
hour. When a greater flow of air was required, additional air was drawn 
through by a system consisting of a flow meter (18), a vacuum pump and 
the necessary connections. One such system was connected to each shoot 
chamber. The flow meters were of the type described by Grupert and 
Suive (3). 

No attempt was made to control humidity, for it is unlikely that moderate 
variations in humidity have any direct effect on photosynthesis in pine seed- 
lings. Mircuett (14) and McAutster (12) have shown that ordinary 
variations in humidity have no direct effect on photosynthesis in certain 
herbaceous plants. The photosynthetic rate might be expected to decline 
if the plants were to become desiccated (20), but preliminary tests showed 
that the time required for the experimental measurements was not sufficient 
to produce desiceation. 

Eighteen pairs of plants were used. A pair consisted of one plant of 
each species, and the pairing was randomized. The plants remained out- 
of-doors until immediately before use in the experiments. It was expected 
that the behavior of a plant on any day might be affected slightly by the 
weather conditions of the previous day, and pairing would tend to distribute 
any such effect uniformly over the two species. 

One pair of plants was placed in the apparatus, runs were made at the 
three temperatures, and the plants were removed and set aside. It seemed 
possible that the sequence of temperatures might be important. For ex- 
ample, the effect of exposure to 40° might vary slightly according to whether 
it preceded or followed exposure to the other temperatures. To exclude 
any such effect from the main effect of temperature an arrangement was 
made whereby each of the six possible sequences was used three times. All 
temperatures thus appeared a uniform number of times at all sequence posi- 
tions, and presumably any possible sequence effect was distributed uniformly 
for all temperatures and does not appear, therefore, in comparisons between 
temperatures. The differential response of the species to temperature was 
the comparison of most interest. It was based on successive measurements 
on the same plant, because they were expected to be the most precise 
measurements available with the present apparatus. The direct effects of 
extraneous factors, such as variations in size or chlorophy!! content of indi- 
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viduals or differences in previous treatment, do not enter into this com- 
parison. 
Results and discussion 


The results of much of the past research in photosynthesis have been 
expressed in terms of the amount of carbon dioxide absorbed per unit leaf 
surface, dry or fresh weight, leaf volume, or other estimate of the amount 
of active tissue involved. This method was considered undesirable in the 
present experimentation because direct comparisons between species on such 
a basis require the assumption that a unit of tissue of one species is the 
physiological equivalent of a unit of tissue of the other species. It was 
simpler to make the measurements on the basis of individual plants and 
subject the data to an analysis of variance according to the method of 
FisHer (2), testing for a differential response of the species to temperature. 
This comparison is based on the effects of the temperatures within each 
species. These effects are independent of the amount of tissue involved, 
because the same seedlings were used for all tests and thus the amount of 
tissue was constant within each species. 

The results shown in table I and figure 2 are expressed as milligrams 


TABLE I 


EFFECT OF TEMPERATURE ON THE RATE OF CARBON DIOXIDE EXCHANGE IN RED AND LOBLOLLY 
PINES. EACH VALUE IS THE MEAN OF EIGHTEEN OBSERVATIONS AND REP- 
RESENTS MILLIGRAMS OF CARBON DIOXIDE ABSORBED OR LIBERATED 
PER SHOOT PER HOUR. PHOTOSYNTHESIS WAS MEASURED 
AT A LIGHT INTENSITY OF 4500 FOOT CANDLES 








RED PINE LOBLOLLY PINE 








MEASUREMENTS _eeaana en 
20° C. 30° C, 40° C. 20° C. 30° C. “40° C. 
Apparent aii tid , 30.7 30.1 172 | 306 | 323 16.7 
Respiration. ....... mire 2.4 5.2 a2 | 24) S4 | 83 
Actual photosynthesis | Oe 33.1 35.2 25.4 | 33.0 | 37.7 | 25.0 
Ratio of photosynthesis to 
FOSPUAtIOM no oeeneene 13.7 6.7 3.1 | 13.7 6.9 3.0 














of carbon dioxide exchanged per hour by the entire shoot, and each value 
represents the mean of separate observations on eighteen plants. Actual 
photosynthesis was caleulated by adding the value for apparent photosyn- 
thesis to the ¢orresponding value for respiration. The analysis of variance 
revealed no significant difference between the reactions of the two species 
with respect to either photosynthesis or respiration. The similarity between 
the reactions of the two species is apparent from the data of table I and 
perhaps is shown most clearly by the P/R ratios, which are essentially the 
same at each temperature. In both species the apparent photosynthetic rate 
was about the same at 30° as at 20° and was about 45 per cent. lower at 
40° C. Respiration increased with temperature up to 40°. A part of the 
decrease in the apparent photosynthetic rate at 40° seems to have been 
caused by the increased rate of respiration and a larger part by decrease in 
the actual photosynthetic rate. 
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Fig. 2. Graph showing apparent photosynthesis and respiration of loblolly and red 
pine seedlings at moderate to high air temperatures. 


The data in table I suggested a possibility of the apparent photosyn- 
thetic rate of loblolly pine trending upward to 30° and of the apparent 
photosynthetic rate of red pine trending upward to 20°. Although the 
analysis of variance indicated that these suggested trends were probably 
entirely fortuitous it was decided to make further tests. The light intensity 
used in the first experiments was about 4,500 foot candles, which was sub- 
optimal (10). Changes in the apparatus produced a light intensity of about 
9,000 foot candles and a minimum temperature of 19° C. It was thought 
that if there were actual but very small trends toward differences between 
the species under the conditions of the first experiment these trends might 
become more pronounced if the light intensity were increased and the tem- 


TABLE II 


EFFECT OF TEMPERATURE ON THE APPARENT PHOTOSYNTHETIC RATE OF RED AND LOBLOLLY 
PINES AT A LIGHT INTENSITY OF 9300 FOOT CANDLES. EACH VALUE IS THE 
MEAN OF TWELVE OBSERVATIONS AND REPRESENTS MILLIGRAMS 
OF CARBON DIOXIDE ABSORBED PER SHOOT PER HOUR 


SPECIES 19° C. 


Red pine 33.7 


Loblolly pine 
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perature range expanded. In the second series of experiments twelve pairs 
of trees were used and photosynthesis was measured at 19° C. and 32° C. 
Respiration rates were not measured, because no differences were suggested 
by the data of the first experiment. Otherwise the procedure was the same. 
A-summary of the results is given in table II. An analysis of variance 
showed that the small difference in the reactions of the species could be 
expected to occur fortuitously once in five trials. It cannot, therefore, be 
regarded as real. 

Neither series of measurements gave any indication that the effect of 
high temperature on photosynthesis and respiration differed with the two 
species. It seems unlikely, therefore, that the failure of red pine to grow 
in the Duke Forest results from a disturbance of the photosynthetic-respira- 
tory balance at the higher temperatures which prevail in that region. Only 
the direct effects of temperature were considered in this work. It is con- 
ceivable that there are important interactions among temperature and other 
factors. It is conceivable also that the comparison with loblolly pine is not 
a sufficiently delicate test to reveal the minimum shift in carbon dioxide 
exchange which affects the growth rate of red pine. 


Summary 


Apparent photosynthesis and respiration were measured in seedlings of 
loblolly and red pine at 20°, 30° and 40° C. A light intensity of 4500 foot 
eandles was used for the measurement of photosynthesis. The rates of 
apparent photosynthesis of the two species were approximately the same at 
30° as at 20° C., but decreased about 45 per cent. when the temperature 
was increased from 30 to 40° C. The rate of respiration of both species 
doubled when the temperature was increased from 20° C. to 30° C. and in- 
creased about 50 per cent. from 30 to 40° C. The ratio of photosynthesis 
to respiration for both species was about 13 at 20°, 6.8 at 30° and only 3 at 
40° C. Supplementary measurements of photosynthesis at a light intensity 
of 9300 foot candles and temperatures of 19° and 32° C. showed no signifi- 
cant difference in the behavior of the two species. The ratios of photosyn- 
thesis to respiration showed the same proportional decrease with increasing 
temperature in both species. There was no indication of a gross disturb- 
ance of the photosynthetic-respiratory balance of red pine at high tempera- 
ture that might explain the retarded growth of this species south of its 


normal range. 


The writer is now Captain, Air Corps, on active service with the United 
States Army Air Force. This work was done at the Department of Botany, 
Duke University, before entering the military service. The assistance and 
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operation of Mr. Lioyp Roor of the Soil Conservation Service Nursery, 
Chapel Hill, N. C., and of Professor R. P. PricHarp of the New York State 
College of Forestry, in supplying the seedlings, and the assistance of Mr. 
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CHLOROPHYLL AND CAROTENE CONTENT OF EIGHTEEN 
TOBACCO VARIETIES’ 


BR. B. G@reirrFitH, W. D. VALLEAaU aNnD 
R. N. JEFFREY 


In connection with the tobacco breeding program at the Kentucky Agri- 
cultural Experiment Station, a large number of varieties of tobacco are 
available, of which a part of the genetic constitution is known. An investi- 
gation was made of the chlorophyll a and b and carotene contents of eighteen 
of these varieties. 

The method of inheritance of ti white burley character has been studied 
by Henika (2). He found that duplicate recessive genes were responsible 
for this lighter colored type of tobacco but did not conduct any chemical 
analyses to show the difference between types. Our purpose was to find out 
the differences in pigment content of the burley and dark tobaccos and the 
difference, if any, in the pigment content of mosaic-susceptible and mosaic- 
resistant varieties. 

Methods 


MATERIAL USED 


Seed from 7 dark and 11 burley tobacco varieties were planted on March 
2,1942. The seedlings were all transplanted from the seed bed to individual 
pots and from the pots to a ground bench in the greenhouse. The plants 
were grown under similar environmental conditions and were in bloom but 
had not been topped when the samples were taken, July 13 to 31, 1942. 

Duplicate samples of two leaves each were taken from a plant. The four 
leaves came from the lower half of the plant at a height of approximately — 
1.5 ft. from the ground and were consecutive leaves on the stalk. The length 
and width of the leaves were measured to the nearest centimeter and then the 
midribs were removed. The right half of one leaf and the left half of the 
other leaf of each sample were analyzed ; the other half of each leaf was used 
for moisture percentage determination. The moisture sample was dried in 
an oven at 65° C. for 48 hours or longer. The percentage dry weight of the 
sample analyzed was assumed to be the same as that of the moisture sample. 

Youne and JEFFREY (4) found that there was a high degree of correla- 
tion between the product of length and width and the leaf area. Their equa- 
tion was used in determining leaf area. Since the equation used was de- 
veloped for Ky. 16, the calculated leaf area of those varieties which have a 
different shape of leaf may be inaccurate. This is particularly true of the 
species Nicotiana digluta (F, Ky. 5x N. glutinosa) which has a petiolate leaf. 
The calculated area of leaves of this strain is probably too great, resulting in 
chlorophyll and carotene values which are too low when expressed on an area 
basis. 

1 The investigation reported in this paper is in connection with a project of the Ken- 
tucky Agricultural Experiment Station and is published by permission of the Director. 
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ANALYTICAL METHODS 


Chlorophyll and carotene were determined by the method of GrirriTH 
and JEFFREy (1). The pigments were transferred from an acetone extract 
to ether, and chlorophy!! determinations were made on dilutions of the ether 
solution. The carotene was separated from the other pigments by passing 
a portion of the ether solution through a magnesium oxide-diatomaceous 
silica adsorption column. The carotene was unadsorbed and was collected 
in a volumetric flask placed below the column. The pigment concentrations 
were determined by use of a Cenco-Sheard ‘‘Spectrophotelometer’’ with an 
18-ampere light source. 

Results 


The results obtained are shown in table I, with varieties arranged in order 
of decreasing total chlorophy!! expressed on the area basis, and mosaic fac- 
tors shown in the third column. The designation ‘‘N’’ indicates the factor 
for necrotic spotting in the presence of all mosaic virus strains. This factor 
was transferred from N. glutinosa. ‘‘N’’’ indicates the factor for necrotic 
spotting in the presence of some strains of tobacco mosaic virus and plantago 
virus but the development of normal infection in the presence of other 
strains. This factor is found’ normally in a number of varieties of N. 
tabacum. The ‘‘n’’ indicates the development of the classical mosaic mottle 
with all tobacco virus strains. It is not known whether these are allelo- 
morphic factors. No relationship between mosaic susceptibility and the con- 
tent of chlorophyll or carotene was shown by these results. 

Chlorophyll content on an area basis was higher in every instance in the 
dark tobacco than in the burley. The mean value for the seven dark varie- 
ties (596 mg./m.*) was more than twice that for the burley varieties (289 
mg./m.*). On the dry-weight basis this difference was not nearly so pro- - 
nounced, though a difference still existed. One dark variety (109-2) was 
lower in chlorophyll on this basis than one burley variety (Kelley). The 
mean of the dark varieties (16.2 mg./gm.) was about 50 per cent. higher than 
the mean of the burley varieties (10.6 mg./gm.) ; this would indicate that, 
on an area basis, about half of the difference in chlorophy!! content between 
the dark and burley varieties in this study was due to a difference in leaf 
thickness. The oven-dry weight per square meter of leaf area of the varie- 
ties studied is given in column 5 of table I. Except for the burley variety 
83-5 and the dark species Nicotiana digluta (F; Ky. 5 N. glutinosa) all of 
the dark tobaccos had a dry weight per unit area greater than the burley 
varieties. The average of all of the dark tobacco varieties was 36 per cent. 
greater than the average of all the burley varieties, but if the two varieties 
mentioned above are left out of the averages, the other six dark tobaccos 
averaged 50 per cent. more dry weight per unit area than the ten burley 
varieties. It is well known that burley tobacco is thinner than most other 
types. 

The percentage of the total chlorophyll which is chlorophyll a (column 8 
of table I) does not appear to differ so much between dark and burley types 
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as between the earlier and later sampling dates. The four dark varieties 
sampled between July 13 and 17 averaged 70.45 per cent. a, and the four 
burley varieties sampled at the same time averaged 71.1 per cent. a, but the 
three dark varieties sampled between July 28 and 31 averaged only 67.5 per 
cent. a, and the burley varieties averaged 69.2 per cent. a. As the green- 
house in which these plants were grown was unshaded, the July tempera- 
tures and light intensities were high. It is known that chlorophyll a is less 
stable than chlorophyll b ; consequently it is probable that the rate of break- 
down of chlorophyll a under these circumstances is greater than that of b. 
It will be shown in a later paper that the percentage of a tends to decrease 
during the curing of tobacco, which is in many respects a continuation of the 
changes already going on during the maturation of the leaf. 

When expressed on an area basis, the carotene concentration, like the 
chlorophyll concentration, was in every instance higher in the dark varieties 
than in the burley varieties ; and when expressed on a weight basis, the aver- 
age in the dark varieties was higher though there was more overlapping. 

The ratio of chlorophyll concentration to carotene concentration in the 
18 varieties fell between 22.8 and 16.3, with an average of 19.75. Ratios for 
14 of the 18 values were between 20.6 and 18.3. Twelve molecules of chloro- 
phyll to one of carotene would correspond to a ratio of 20.0. Since it is 
becoming more and more clearly recognized (3) that the pigments are defi- 
nitely linked with the proteins in the cell, it is not impossible that some pro- 
tein unit may exist, containing about nine chlorophyll a groups, three chloro- 
phyll b groups, and one carotene group. 


Summary 


When the pigment concentrations were calculated on a leaf-area basis, 
the average chlorophyll concentration of the dark tobacco varieties was 107 
per cent. larger than the average of the burley varieties and the carotene 
content was 87 per cent. greater. All dark varieties analyzed were higher in 
chlorophyll and carotene on this basis than any of the burley varieties. 

On an oven-dry weight basis, the average chlorophyll content of the dark 
tobacco varieties was 53 per cent. greater than the average of the burley 
varieties, and the carotene content was 38 per cent. greater. There was some 
overlapping between dark and burley varieties when the carotene content 
was expressed on a weight basis. 

About half of the differences in pigment concentration of the dark and 
burley tobacecos may be attributed to a difference in leaf thickness. 

There was little difference in the percentage of chlorophyll a between 
varieties but there appears to be a significant difference in the chlorophyll a 
percentage on different sampling dates. 

No correlation was found between the chlorophyll or carotene contents 
and the mosaic resistance factors. 

The average ratio, by weight, of total chlorophyll to carotene of all varie- 
ties studied was 19.75, which is very close to the ratio that one would expect 
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if nine molecules of chlorophyll a and three molecules of chlorophyll b were 
associated in the same protein group with one molecule of carotene. 
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CHANGES IN CHEMICAL COMPOSITION OF TUNG KERNELS 
DURING GERMINATION 


FREDERICK A. JOHNSTON, JR., AND 
HaROLD M. SELL 


Introduction 

Tung seeds tend to germinate rather slowly and unevenly. A knowledge 
of the biochemical changes taking place in the kernels would serve as a back- 
ground for experiments on methods of hastening and improving the rate of 
germination. Considerable work has been reported on the chemical compo- 
sition of germinating oily seeds. At maturity tung kernels contain normally 
between 60 and 70 per cent. oil, hence it is of interest to compare the bio- 
chemical changes taking place in germinating tung seeds with those reported 
in other oily seeds. 

As early as 1842, DeSaussure (4), and later numerous investigators 
(12), observed that the oil content diminished and the carbohydrate content 
increased during the process of seed germination. Muntz (13) and several 
others (12) noted an accumulation of the free fatty acids and a few of these 
workers observed that the saponification number increased and the iodine 
number decreased in the oils of certain seeds during germination. In 1871, 
Munvz (13) suggested that the oi! in germinating seeds was hydrolyzed by 
an enzyme into glycerine and fatty acids. Later Green (5) showed that the 
lipase in castor beans hydrolyzed oils into these products. The lipolytic 
activity has recently been shown to increase in cottonseed (14) during germi- 
nation. ScHuuze (17) and other investigators (7, 12) have noted an in- 
crease in amino acids and soluble nitrogen compounds and have concluded 
that these products were derived from the proteins. That protein reserves 
could not account for the increase in carbohydrates during germination was 
demonstrated by Minter (11) in the case of sunflower seed. 

A comprehensive survey of the general theories concerning the transfor- 
mation of oil into carbohydrates was made by Mruer (12). 


Methods 

Approximately 1000 tung seeds were cracked slightly and planted March 
15, 1941, at a depth of two inches in wooden flats containing a mixture of 
three parts of screened peat moss and one part of sand. These flats were 
kept moist and in a sunny place out of doors during the entire period of 
germination. 

A representative sample of 25 seeds was taken at planting time and at 
3 subsequent stages in germination, namely, 16 days after planting when the 
kernels were swollen but radicles not yet visible ; 23 days after planting when 
the radicles varied from } to 1} inches in length; and 32 days after planting 
when the primary roots were on the average about 2} inches long and secon- 
dary roots had developed to a length of about 4 inch. To obtain uniform 
samples it was necessary to plant a relatively large number of seeds in order 

1 Aleurites fordii HEMSL. 
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to have a sufficient number of germinating seeds in approximately the same 
stage of development. As soon as the samples were collected, the shells were 
removed and the kernels flaked on an inverted jack plane (3) and then dried 
to constant weight over phosphorus pentoxide in a vacuum oven at 70° C. 
and 4mm. pressure. Separate samples, used in the determination of lipase 
activity, were dried without heat in a vacuum desiccator over concentrated 
sulphuric acid to avoid inactivation of the enzyme. Dry matter, aleohol- 
soluble and total nitrogen, reducing sugars, sucrose, starch, residual acid- 
hydrolyzable polysaccharides, lipase activity, and oil content were deter- 
mined. The acid, saponification, and iodine numbers of the oil, and its 
refractive index were determined. The sugars and the oil content were 
determined according to the methods outlined by SELL, JoHNsTon, and 
Lagasse (19), and the nitrogen by the usual A. O. A. C. procedure (1). The 


TABLE I 


CHANGES IN CHEMICAL COMPOSITION OF TUNG KERNELS DURING GERMINATION 
(MOISTURE-FREE BASIS) 











CONSTITUENTS DAYS APTER PLANTING 
AND UNIT as , 
CHARACTERISTICS ; 23 32 





4-14 Primary 23 

| Secondary 4 

| 32.9 
2140.0 


1.83 
39.2 


1.16 


Root length Inches 





Dry weight Percentage 
| Mg. per kernel 
Percentage 
Mg. per kerne! 


| Pereentage 


75.3 

2110.0 
2.59 

54.6 
0.50 


53.1 

2060.0 
2.28 

47.0 
0.86 


Aleohol-insoluble 
nitrogen 


Aleohol-soluble 


nitrogen 
Reducing sugars | 


Sucrose 


Mg. per kernel 
Percentage 
Mg. per kernel 


| Percentage 


| Mg. per kernel 


Starch 


Residual acid- 
hydrolyzable 
polysaccharides 

Oil content 


Lipase activity 


Acid number 


Saponification 
number* 


Iodine number 


Refractive index 
(Np*) 





Percentage 
Mg. per kernel 
Percentage 
Mg. per kernel 


Percentage 
Mg. per kernel 


Pereentage of oil 
hydrolyzed in 
the kernel per 
hour 

Mg. of oil hydro- 
lyzed per kernel 
per hour 





10.6 
1.3 
27.4 
2.9 
61.2 
0.0 
0.0 
6.0 
126.6 


| 59.0 
| 1250.0 
0.29 


5.9 
0.0 


8.1 
0.3 


194.0 
163.2 


192.0 
158.6 





1.5195 | 


0.38 


1.5195 | 


17. 


— 
S oo + 2) 
ounwoo un qa. 
nw ano wre ow 


46.6 
960.0 


34.7 
17.7 


192.0 
161.1 


1.5185 | 


t 


163.2 


1.5180 


* The value 208 for the last sampling period is high, as results obtained in 1942 and 
1943 on comparable material showed the saponification value to remain practically con- 
stant during the entire germination period. 
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lipase activity was estimated by the method of Otcorr and Fontaine (14); 
the iodine number according to RoseNMUND-KUHNHENN (2, 15), and the 
other oil constants by the conventional procedures. 


Results and discussion 


The results obtained during these investigations with tung kernels con- 
firmed the findings of many previous researches with regard to chemical 
changes occurring during germination of oily seeds. The data obtained are 
given in table I. It was found that the dry weight on a milligram-per-kernel 
basis remained almost constant during the period of study, the observed 
fluctuation being no greater than was to be expected because of sampling 
error. During this period some loss in weight due to consumption of the 
sugars in respiration must have occurred; but gains due to oxygen absorp- 
tion evidently compensated for this loss. 

The data show that during the period of study, the percentage of dry 
matter decreased rapidly, and that the moisture increased from 3.8 to 67.1 
per cent. The increase to 24.7 per cent. moisture content within 16 days 
after planting indicates the importance of absorption of water by the various 
tissues of the seeds for the physical and chemical processes occurring in the 
seeds during the initial stages of germination. 

The non-reducing sugar, identified as sucrose (18), decreased rapidly 
during the entire germination period as was observed by HELLRIEGEL (6) 
and others (12). It may be noted that the sucrose diminished 40 per cent. 
of its initial weight during the first 16 days, while the oil declined only 4.6 
per cent. During the germination period of 32 days, the oil had decreased 
70 per cent. and the sucrose 85 per cent. of their respective original weights. 
On a milligram-per-kernel basis, 60 mg. of oil and 41 mg. of sucrose were 
utilized in the first 16 days, while 27 mg. of reducing sugar was formed. 
From these data it is concluded that both the sucrose and oil are used simul- 
taneously during the initial and later stages of germination. A part of these 
reserves is transformed into reducing sugar with subsequent formation of 
starch. This is in accordance with the results of other investigators (12) 
who have studied the biochemical changes occurring during the germination 
process of oily seeds. In a study of the starch and oil content of many differ- 
ent seeds, McNair (10) found a great number of them to contain only oil. 
In the present investigation no starch was found in the dry, mature seed or 
when they were in the early stages of germination; but it developed later 
and was present in the samples taken at the last two periods of sampling. 
Similar results were observed by SAcus (16) in the case of other oily seeds. 
Little change was noted in the acid-hydrolyzable polysaccharide fraction and 
it is apparent that this substance is of minor importance as a reserve food 
material in germination. 

Data for the lipase activity of the kernels showed that it increased greatly 
between 16 and 23 days after the seeds had been planted, and continued to 
increase to the end of the experiment. The free fatty acid content (indi- 
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cated by acid number) increased rapidly at the time of high lipase activity. 
This was also accompanied by a large increase in reducing sugars and by the 
formation of starch. The occurrence of free fatty acid at the time of high 
lipase activity was observed by OLcorr and Fontaine (14) in cottonseed. 
Since formation of reducing sugars is coincident with high lipase activity 
and the formation of free fatty acid, it is suggested that the glycerides are 
broken down into free fatty acids and glycerine before conversion into re- 
ducing sugars and subsequently into starch. This view is in accord with 
that of other workers (12). Since the changes in the saponification number 
of the ether-extracted oil were too small to be measured accurately, the fatty 
acids of high molecular weight which were formed by lipolysis are for the 
most part utilized immediately in the metabolism of the germinating seed 
without the accumulation of any appreciable quantity of acids of low moleecu- 
lar weight as intermediary products. The changes in iodine number of the 
oil were negligible, which is in agreement with the results obtained with soy- 
beans by MAcLAcHLAN (8). This indicates that the highly unsaturated fatty 
acids were still being utilized directly without the accumulation of any 
appreciable quantity of acidic intermediates of low molecular weight. These 
results substantiate the data obtained in the saponification determinations. 
The refractive index of the oil decreased slightly toward the end of the 
sampling period, owing probably to the accumulation of the free fatty acid 
from the hydrolysis of the oil. 

A definite increase was noted in the alcohol-soluble nitrogen fraction as 


germination progressed, whereas the alcohol-insoluble nitrogen (protein) 
decreased gradually. These data indicate that the proteins are hydrolyzed 
to give intermediate products and amino acids during this period. Similar 
results have been obtained by other workers (12). 


Summary 

1. The initial step in the germination of tung kernels is the absorption 
of water by the various tissues of the seeds. 

2. Sucrose is a readily available reserve carbohydrate and is utilized 
rapidly during the entire process of germination. 

3. The oil is the principal reserve food material in the tung kernel and 
it gives rise to reducing sugars and starch as germination progresses. For- 
mation of the latter substances takes place rapidly at the time of high lipase 
activity and is accompanied by the formation of free fatty acids. This sug- 
gests that the glycerides of tung oil are hydrolyzed before being converted 
into carbohydrates. 

4. The protein reserve is hydrolyzed throughout the germination period 


to give soluble nitrogenous products. 
U.S. Fretp LABORATORY FOR TUNG INVESTIGATIONS 
GAINESVILLE, FLORIDA 
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A METHOD FOR MEASURING ROOT RESPIRATION 


Davivdp G. WHITE AND N. F. CHILDERS 
(WITH THREE FIGURES) 


Comparatively few studies on root respiration have been made, owing, 
probably, to lack of a simple and effective method for making the measure- 
ments. Most data on root respiration were obtained under strictly labora- 
tory conditions which were more or less abnormal for root activity (2, 3, 4, 
5, 6, 7). The method described in this paper for measuring root respira- 
tion, while not free from criticism, does have the following advantages: 
(1) The roots are growing in a medium which permits root and top develop- 
ment similar to that which occurs under field conditions; (2) the air about 
the roots ean be placed in a closed system so that it is re-utilized by the roots 


Fie, 1. One-year apple trees are grown in gravel culture in glazed stone crocks for 
purpose of measuring root respiration. The front crock near the center has been sealed 
with grafting wax in preparation for the collection of air around the roots. Air samples 
are analyzed with the Haldane gas analysis apparatus on the left. 


for several days while air samples are being withdrawn. Hence, the respira- 
tory response of the roots can be determined under conditions similar to 
those of poor soil aeration in the field; (3) the data can be corrected for 
respiration of microérganisms, or, if desired, such respiration can be pre- 
vented ; (4) the equipment is standard and available in most laboratories; 
and (5) only a few minutes are required to make the daily air analyses. 

The assembly used for measuring root respiration of one-year apple trees 
in the greenhouse is shown in figure 1. The trees were planted as outbacks 
in 5-gallon glazed stone crocks filled with pea-sized quartz gravel. The Ohio 
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WP nutrient solution (8) was pumped once daily from the 18-liter bottles 
to the root systems, and allowed to drain back into the bottles. An electric 
air compressor used for spraying paint was found convenient as an air 
pump which could be operated by a time clock to force solution into the 
bottles during intervals when experimental data were not being collected. 
Measurements were made during Autumn months when the greenhouse tem- 
perature was automatically regulated at 58° F. A soil thermograph was 
used for recording temperatures in the rooting medium. In subsequent 
tests, thermocouples have served equally as well or better. 

A diagram is shown in figure 2 of the apparatus employed for collecting 
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Fie. 2. A diagram of the apparatus which is used in measuring root respiration. 
Air from the pump forces the nutrient solution into the stone crock, thereby forcing the 
air around the roots into the trap bottle on the right, from which air samples are with- 
drawn for analyses. 


the air which surrounds the apple roots. Root respiration measurements 
were made after the apple shoots had grown to the height of 3 or 4 feet, 
although the method could be adapted to any stage of root development. 
Before sampling the air, the top of the stone crock is covered with an air- 
tight seal made by impregnating triple layers of cheesecloth with ordinary 
black grafting wax. This seal can be reinforced further by use of quarter- 
inch-mesh galvanized wire cloth inserted between the layers of cheesecloth. 
A glass exhaust tube and thermograph unit are adjusted in place while 
applying the wax. When the nutrient solution is pumped into the culture 
crock, it displaces the air surrounding the roots. This air is foreed into a 
trap bottle, shown on the right in figure 2, which is filled with acidified (weak 
HCl) water. The air entering the trap bottle pushes the water through an 
opening at the bottom and causes the water to rise in the surrounding con- 
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tainer. Thus, all the air which circulates around the roots is collected and 
thoroughly mixed. The pinch clamps are adjusted to hold the air in the 
container while air samples are removed through the upper glass tube shown 
in figure 2. Small glass tubing is used for withdrawing air samples so that 
a relatively small volume of air occupies the tubing. One- to 3-millimeter 
inside diameter glass tubing is best. The water in the container on the right 
in figure 2, creates a pressure on the trapped air, and exhausts the ‘‘old”’ air 
in the sampling tube when the pinch clamp is opened slightly on the tube to 
the gas analysis apparatus. After this flushing, an air sample is taken into 
the Haldane apparatus for oxygen and carbon dioxide analyses. The Hal- 
dane apparatus is shown on the left in figure 1. 

Upon completing the air sampling, the nutrient solution around the roots 
is allowed to recede into the 18-liter bottle, and the trapped volume of air is 
returned automatically to the roots to be re-utilized. 

The nutrient solution is maintained at pH 5.0 in order to prevent it 
from absorbing appreciable amounts of carbon dioxide. In addition, 5 
p-p.m. of copper sulphate is added to the solution to inhibit the development 
and consequent respiration of microdrganisms. According to our experi- 
ence this small concentration of: copper has little or no effect on the root 
system or top development of the apple tree. 

The rate of respiration of the roots within a crock during a 24-hour 
period is obtained by determining the increase in the percentage of carbon 
dioxide and the decrease in the percentage of oxygen. These measurements 
ean be made accurately and rapidly with the Haldane-type of gas analysis 
apparatus (1). The samples of air to be analyzed are easily withdrawn 
from the trap bottle described in figure 2. Since the total valume of air 
corresponds to the volume of the nutrient solution pumped into the crock, 
it is possible to caleulate the milligrams of carbon dioxide released and the 
oxygen absorbed in the respiration of the roots. 

At the end of an experiment, the root system is carefully removed from 
the gravel. The volume, and the fresh and dry weights of both the fibrous 
roots (one millimeter in diameter or less) and of the total root system are 
determined separately. It apparently makes little difference as to which 
root measurement—volume or weight—is used in expressing the rate of 
respiration. However, milligrams of carbon dioxide released and oxygen 
absorbed per gram of oven-dry fibrous roots per 24-hour period is a more 
convenient method of expressing respiration than on the basis of root vol- 
ume. With some plants, the rate of root growth during an experiment may 
be considerable, but with apples, the amount of root development over a 
period of one or two weeks under the conditions of our experiments appar- 
ently is negligible. In cases where root development is anticipated to be a 
source of error, the root volume can be measured periodically by the decrease 
in the amount of nutrient solution the crock will hold, providing the tem- 
perature of the nutrient solution is the same for each measurement. 

It is necessary to withdraw a.10- to 20-ml. air sample each day from the 
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original volume of air in the crock. Thus, the total amount of air gradually 
decreases. It is advisable, therefore, to replace the air used in sampling 
with nitrogen gas secured from a cylinder. 

A typical range of root respiration under the conditions described in this 
paper was found to be 6 to 10 milligrams of carbon dioxide released and 6 to 
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Fig. 3. The data show typical respiration of apple tree roots growing under the con- 
ditions shown in figure 1 and analyzed by the method described in this paper. It is 
apparent that the respiration quotient of oxygen absorbed to carbon dioxide released is 
near 1.0. Note the increased rate of respiration when fresh air was admitted to the erock 
on November 30, 1941. 


10 milligrams of oxygen absorbed per gram of fibrous roots per 24-hour 
period. In general, the data obtained by this method indicate that apple 
roots have a respiratory quotient near 1.0 (fig. 3). 


OHIO AGRICULTURAL EXPERIMENT STATION 
WoosTER, OHIO 
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BRIEF PAPERS 
A SIMPLE APPARATUS FOR SAND CULTURE WORK 


M. E. PADDICK 


(WITH THREE FIGURES) 


The simple inexpensive device herein described will be of interest to 
research workers who utilize sand culture methods occasionally. It is par- 
ticularly suitable for setups involving substrate materials (such as sand-clay 
mixtures) through which water movement is slow and in which internal 
washing effects are difficult to prevent. It is of value also where the use of 
metal is to be avoided, or where the irrigational system should be well 
enclosed. 

Construction of the apparatus may be observed by reference to the accom- 
panying figures. A glazed culture jar (A) with vertical walls and with a 
drain hole on the side is used as a container for the sand, ete. The drain hole 
is fitted with a one-hole rubber stopper (B) containing a short length of glass 
tubing (C). A large Erlenmeyer-type Pyrex glass flask (D) serves as the 
solution reservoir. The mouth of this flask is closed by a two-hole rubber 
stopper (E) containing a short glass tube (F) and a bent length of medium 
bore (1 mm.) eapillary tubing (G). The capillary tube is so shaped that 
one end barely projects through the stopper into the flask, and the other end 
lies close to the flask almost to the level of the flask bottom. Connection 
between the jar and the reservoir is by means of a piece of rubber tubing 
(H). <A support, (I) (also fig. 3) for holding the reservoir in an inverted 
position is provided by a slotted board mounted in front of the jars and at 
a height slightly above their tops. 

Operation of the device is very simple. When the reservoir is inverted 
and elevated above the culture jar as illustrated in figure 2, the solution 
tends to flow by gravitational movement from the flask into the sand mixture. 
Air is simultaneously drawn through the capillary tube, bubbling up into 
the reservoir. This process continues as long as the solution, in response to 
hydrostatic pressure (and capillary action), rises in the sand mixture. Any- 
where from a few minutes to several hours are required for equilibrium to be 
established, depending upon the porosity of the material contained in the jar. 

When the reservoir is returned to normal position below the culture jar 
(fig. 1) gravitational movement returns excess solution from the jar into the 
flask. Air is displaced in the process and flows out through the capillary 
tube. An hour or more is usually required for complete drainage. A filter 
plug of glass wool inserted into the drain tube of the jar serves the purpose 
of preventing movement of sand along with the excess culture solution. 

The writer has used this apparatus with satisfactory results in iron nutri- 
tion experiments involving plant growth in sand-iron oxide mixtures, and in 
a sand-powdered CaCO, mixture. Little movement of the fine fractions 
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oceurred. With proper regulation of irrigations the surface of the mixture 
seldom became more than damp, thus preventing crust formation. Enclosure 
of the system avoided contamination of the solution by dust and dirt. 
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Furthermore, the retention of the used solution furnished a means of check- 
ing change in composition and characteristics. 

Disadvantages of the system lie in the necessarily limited size of the 
reservoir, in the hand operation required, and in the danger of glass 
breakage. 


U. 8S. Nava. RESERVE 
WASHINGTON, D. C. 
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EFFECT OF HEAVY APPLICATIONS OF GYPSUM 
ON PLANT GROWTH 


yh W. E. Loomis 


The owner of land adjoining the Fort Dodge plant of the United States 
Gypsum Co. recently ascribed the rundown condition of his farm to injury 
by gypsum dust from the plant. Since the areas near the plant were ob- 
viously receiving considerable deposits of dust over a period of time, we 
were asked to investigate the possibilities of direct or accumulative injuries. 

Injury from dust déposits on growing crops was considered improbable 
on a number of grounds: 

1. Gypsum (CaSO,-2H,0) is a stable, neutral salt with a solubility at 
saturation of about 0.2 per cent. A saturated solution of gypsum is fre- 
quently used as a source of Ca and SO, in nutrient solutions, and such slight 
contact as might be made with the mesophyll cells through the cuticle and 
epidermis of the leaves could not be expected to be injurious. 

2. Gypsum dust might reduce diffusion through the upper stomata of 
leaves, but the relatively large size of the dust particles and the readiness 
with which they form larger crystals when exposed to dew, together with the 
predominance of hypostomatal leaves, makes any important clogging im- 
probable. 

3. Dust layers would partially shade the leaves, particularly during hot, 
dry periods, but many published experiments indicate that 30 per cent. of 
full sunlight is near optimum for photosynthesis. Unpublished data for 
maize show little or no increase in photosynthesis above 25 per cent. of full 
sunlight. Since the dust would ordinarily be removed by rainfall during 
periods of cloudy weather, the probabilities of beneficial action from shading 
appear to be as good as or better than those of injury. 








Experimentation 
Port TESTS OF GYPSUM APPLICATIONS 


Possible accumulative effects of gypsum dust on the soil were investigated 
from two angles; the possible beneficial effects of potassium applications in 
balancing excess calcium accumulations, and the effects of large additional 
quantities of gypsum to soil from the area receiving the maximum dust 
deposits. Soil was collected from the plowed layer of a field adjoining the 
gypsum plant, after discarding 3—5 em. of surface clods, stubble, ete., and 
used to fill gallon jars. Thirty-two hundred grams of dry soil was used, and 
salts added on an area basis and mixed with the soil for the various treat- 
ments. The data of the first experiment with oats are shown in table I. 
Yields are total shoot and grain growth per pot. 

Potassium chloride appeared to hasten maturity of the plants and thus 
to reduce their green weight at harvest but showed no effect on total dry 
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TABLE I 
YIELDS OF OATS ON FORT DODGE SOIL 
WEIGHT PER POT, AVERAGE OF DUPLICATES 
TREATMENT —_—-- — - 
GREEN WEIGHT ta Dry y WEIGHT 

{ — — 
gm. gm. 
None ......... i Ree Aaa ; 8.05 2.45 
1000 Ib. gypsum per ¢ RIES 2S 8.75 2.50 
200 Ib. KCl .. LE Ss 6.75 2.50 
1000 Ib. KCL TSE eer 6.00 2.50 
400 lb. CaH,(PO,), +200 Ib. KCl .... 7.85 2.75 
200 lb. NaNO,+P & K ....... é 13.75 4.55 
4.65 


N-P-K + 100,000 Ib. gypsum pecnigenet 15.30 





matter production, and thus no indication of antagonizing injurious aceumu- 
lations of calcium. The only significant response obtained was that from the 
nitrogen and phosphorus combination which nearly doubled the yields, 
although it is important from the standpoint of the investigation that 100,000 
pounds of gypsum, equivalent to 2 em. of dust, had at the least no injurious 
effect. 

In later experiments the same soil was used and the same procedures 
followed except that dust-bin gypsum from the Fort Dodge plant was sub- 
stituted for the chemically pure salt. Three crop plants, oats, corn and soy- 
beans were used. Yields in grams of dry matter, average of two pots, are 
shown in table II. All gypsum applications were at the rate of 50 tons per 
acre, with 500 lb. of KCl tried for its antagonistic effect. The N—P—K treat- 
ments represented acre rates of 200 lb. NaNO, to supply nitrogen, 400 lb. 
CaH,(PO,). for phosphorus, and 200 lb. KCl for potassium. 

Oats showed a slight tendency to respond positively to these very heavy _ 
applications of gypsum on soil which had already received gypsum dust 
deposits over a series of years. Corn and soybeans gave erratic, non-signifi- 
cant responses. 

A third series with oats grown on an acid Clarion fine sandy loam from 
Ames, again showed a marked response to combinations of nitrogen and 


TABLE II 


YIELDS OF OATS, CORN AND SOYBEANS IN POTS OF Fort DODGE SOIL 











Ave ERAGE YIELD, DRY MATTER 





TREATMENT ——_—___—__—— 
OATS Corn SOYBEANS 
gm. gm. gm. 
None ......... | 1.80 3.10 6.35 
100,000 Ib. gypsum | 2.05 2.80 5.95 
500 Ib. KCl ......... 2.15 3.20 5.80 
KCl + gypsum 2.35 3.80 5.85 
| 8. eran 4.20 7.10 9.90 
N-P-K + gypsum | 4.50 6.95 9.40 
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phosphorus, but no significant response to applications of 100,000 Ib. of 


gypsum per acre. 
Summary 


The application of gypsum to potted crop plants at a rate equivalent to 
100,000 Ib. per acre did not significantly affect the growth of corn or soy- 
beans. In ten paired tests the yield of oats was increased 4.83 + 1.64 per 
eent., a value which just exceeds the 5 per cent. level of significance. The 
data suggest that heavy and long continued application of this neutral eal- 
cium salt will not injuriously affect the yields of crop plants on these soils. 


Iowa STATE COLLEGE 
Ames, Iowa 











NOTES 


Annual Meeting.—The American Society of Plant Physiologists held its 
annual meeting for 1944 at Cleveland, Ohio, September 12 to 14, at the Hotel 
Hollenden, in conjunction with the meetings of the A.A.A.S. This was the 
first meeting since the Dallas meeting in 1941. All of the programs were 
arranged as joint sessions, because of the expected small attendance. The 
attendance at joint session meetings was about 200, while more restricted 
groups hearing miscellaneous papers numbered about 50; there were 83 at 
the annual dinner on Tuesday night, September 12. Somewhat more than 
50 papers were listed on these joint programs. 

The annual dinner was held in the Hotel Hollenden. At the close of the 
festivities, the dinner was made memorable by the awards, and by the 
address of the past president, Dr. W. E. Loomis, on Translocation in maize. 

The Executive Committee held a meeting on September 12, to take action 
on several matters such as the expenses of the Business Manager, and the 
newly created office of the Executive Secretary-Treasurer ; to have the Bul- 
letins and other historical papers bound up in permanent form; and to 
authorize publication of biographical sketches and portraits of honored 
members reaching 70 years of age during the next year or so. Other prob- 
lems were discussed without action being taken. 

It seems appropriate to remark in connection with this meeting that 
whatever the difficulties of travel, it is better to hold meetings than not, and 
to try to hold together those things which contribute to the mental and 
spiritual welfare of mankind. It is too easy for civilization to slip back- 
ward during and after exhaustive wars. Every serious scientist will desire 
to maintain our organizations at as high a level as possible against the days ~ 
of peace. Meetings are necessary to the proper functioning of science for 
the welfare of the human race. 


Life Membership Award.—The committee on the CHARLES REID BARNES 
award named Dr. GeorGe W. Scartu of McGill University as the selection 
for 1944. He isa native of Scotland, having been born in Orkney in 1881. 
He received the M.A. at Edinburgh in 1903, and McGill conferred the D.Se. 
degree in 1933. He has been MacDonald Professor of Botany at McGill for 
many years, and has published many contributions on protoplasm, micro- 
dissection, stomatal behavior, the nature of wood, and cold and drought 
resistance. 

Tt is a great honor to the Society to add Dr. Scarru to the roll of 
CHARLES Reip Barnes life members, and the committee deserves our thanks 
for an important service well performed. Twenty-two of these awards have 
been made since the establishment of the award at Kansas City in 1925. The 
seventeen living members are a memorial to Dr. CHARLES Rem BARNEs, 
whose interest in plant physiology lives in these men. 
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Hales Award.—The ninth StepHen HALEes award was made to Dr. Ray 
Freitps Dawson of Princeton University. Dr. Dawson is an Indianan by 
birth, having been born at Muncie on February 13, 1911. His first degree 
was won at DePauw University (A.B., 1935), and he finished at Yale Uni- 
versity (Ph.D., 1938). He then spent one year as a National Research 
Council Fellow at Columbia University. His teaching career began at De- 
Pauw in 1939, where he was instructor in botany for one year. He went to 
Missouri in 1940, and to Princeton in 1942. The following citation pre- 
pared by the Hates Award Committee, of which Dr. Joun W. SHiIve was 
chairman, was read at the dinner: 

‘*In recognition of years of distinguished service to Plant Physiology in 
particular, and to Biological Sciences in general, the American Society of 
Plant Physiologists now confers the StepHen Hates Prize for 1944 upon 
Ray Fietps Dawson. 

‘‘A pioneer and leader in the investigations dealing with the localization 
of the mechanism of alkaloid synthesis in the Solanaceae; whose unique 
approach and whose skillful application to this problem of the method of 
reciprocal grafts have achieved results which are bound to have a far-reach- 
ing influence upon physiological thought in similar fields of investigation ; 
expert technician, whose skill in the development of new and improved ana- 
lytical methods and culture technique has yielded substantial progress 
toward the solution of one of the most difficult problems in the chemistry of 
plant processes ; profound student of the chemistry of plant tissues and of 
translocation of plant products from localized regions of synthesis to centers 
of accumulation, as influenced by nutritional treatment; inspiring teacher 
of the student apprentice in the plant sciences; a young man whom this 
Soeiety feels proud to honor, and whose previous record of outstanding 
accomplishment holds in prospect great promise for future achievement and 
years of distinguished service.’’ 


Editor-in-Chief.—Shortly after the first of July the Executive Com- 
mittee was polled with reference to the action taken in January at the 
Chicago meeting of the Executive Committee. The action was confirmed 
and approved, and Dr. WALTER F. LOEHWING was appointed editor-in-chief 
of PLANt Puysio.oey for a five-year period beginning January 1, 1945. Dr. 
LOEHWING has been secretary to the Editorial Board for some years, and is 
familiar with many of the problems confronting the editor. He needs our 
sympathetic understanding. Out of years of experience the retiring editor 
asks that all of you give him the same kind and generous assistance that you 
have been giving during the last nineteen years. Without this cordial rela- 
tionship between members and editor, it would be a dreary load -upon the 
spirit ; with it, the joy of service far outweighs the necessary drudgery. All 
of us working together can lighten the burden, by giving our new editor-in- 
chief our loyal support and complete cooperation. 


Financial Stability—The one most needed element of success for any 
organization is financial stability. The American Society of Plant Physi- 
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ologists has given much attention to this problem, and it is a satisfaction to 
every member to know that good progress has been made, considering the 
number of years we have been at the process of building. In a few months 
the Society will be 21 years old, but its program has been in operation really 
for only 19 years. The financial report to July 1, 1944, indicates a net worth 
of the Society of over $17,000. This does not include thousands of dollars 
in our unsold volumes. It is obvious, therefore, that we have prospered 
satisfactorily during this period of almost two decades. This note is to call 
to the attention of our members and friends that there are ways in which 
they can help. Life membership is a good investment, better than most 
available monetary investments. Occasionally someone sends in a life mem- 
bership fee, without having been solicited. There is abundant reason for 
soliciting such support, and from experience, I want to urge members to 
consider the possibility of buying a permanent interest in the Society, which 
will extend beyond our individual lives. It is not a hardship to take out life 
membership at a time that the funds are available. 

In addition, patronship is possible to many. It only requires a willing- 
ness to give permanent support to science, a thing we should be proud to do. 
Little is left of us that is permanent after we are gone, but we can go on 
working for our field long after we are gone if we invest a little of us now, in 
permanence for the future of the work we have been doing. There is no 
better way to guarantee financial stability than to help along as individuals, 
while we have the opportunity. This is an invitation to buy a share in the 
future of science by becoming a life member or patron of your favorite 
scientific organization. 





Glenn Warren Goldsmith.—Only recently it has been learned that, Dr. 
GLENN WARREN GOLDSMITH, Professor of Botany and Bacteriology at the 
University of Texas, died on October 29, 1943. He was a member of many 
scientific societies, and had published more than 20 important contributions 
to botanical literature. He was stricken suddenly with a heart attack while 
at his laboratory. He was removed at once to a hospital, but died the follow- 
ing day. The following resolutions were adopted by the faculty of the Uni- 
versity of Texas, following his death: 

**GLENN WARREN GOLDSMITH, son of HENry B. and HANNAH McNARyY 
GOLDSMITH, was born in Hutchinson, Minnesota, January 29, 1886, and died 
in Austin, Texas, October 29, 1943. He attended the Hutchinson high 
school, where he was salutatorian and class president of the graduating class 
of 1906. After a year spent at Hamlin University, 1906-1907, he entered 
the University of Minnesota in the fall of 1907. The death of his father 
necessitated his withdrawal within a few weeks, but he returned the follow- 
ing fall and remained for the next three years, being graduated in 1911 with 
the degree of Bachelor of Arts. As an undergraduate he was a member of 
the honorary botanical club and of the Y.M.C.A. 

**His graduate studies were pursued at the University of Minnesota dur- 
ing 1911-1912; at the University of Chicago during two summer terms in 
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1914; and at the University of Nebraska, 1919-1920. During these years 
he absolved all the requirements for the degree of Doctor of Philosophy 
excepting the completion of a thesis. 

‘*His professional life was spent in teaching and research. He was a 
fellow at Nebraska University in 1911-1912; Professor of Biology at South- 
western Louisiana Institute, Lafayette, Louisiana, 1912-1918 and 1920— 
1921; and Professor of Biology at Texas Agricultural and Mechanical Col- 
lege, 1918-1919. He resigned his position at Southwestern Louisiana Insti- 
tute in 1921 to engage in research at the Alpine Laboratory of the Carnegie 
Institution of Washington at Manitou, Colorado, a position which he held 
until 1929. It was during these years that he completed his thesis, Some 
Field Instruments and Their Application, and was awarded the degree of 
Doctor of Philosophy by the University of Nebraska in 1924. In 1929 he 
resigned to accept a professorship in botany at the University of Texas. 

‘*For the past eight years under a grant from Mr. BENJAMIN CLAYTON 
he had directed research at the University of Texas on cotton root rot. This 
research has yielded promising results on one of the most difficult problems 
in the history of plant disease. 

‘*Elected to Sigma Xi at Nebraska during his graduate studies, Dr. 
GOLDSMITH’s broad interests prompted him to maintain membership in 
nearly twenty national organizations sponsoring research in phytopathology, 
physiology, ecology, ornithology, mycology, mammalogy, forestry, bacteri- 
ology, and history. 

‘‘Dr. GOLDSMITH’s research interests were varied. For much of the 
period during which he was associated with the Carnegie Institution his 
investigations were concerned with soil aeration, with factors involved in 
the opening and closing of flowers, with the physical properties of plant sap, 
with soil algae, and with phytometer methods in ecology. 

*‘In connection with research on cotton root rot he made many thou- 
sands of plantings. His studies involved a breeding plan of cottons resis- 
tant to the root-rot disease as based on the quantitative measurement of the 
resistance in individual plants. Analyses had to be made to determine the 
correlation between magnesium present in the soil and the severity of the 
root-rot disease. His research included also a breeding program to increase 
the quantity and quality of cottonseed oil on the basis of individual quanti- 
tative analyses. Another problem in which he was interested was the bio- 
logical control of the cotton boll weevil by the use of the insect, Microbracon, 
which parasitizes boll weevil larvae. On all these experiments he kept tabu- 
lated statistical data. 

** As a teacher he was kindly, genial, generous, and inspiring to his stu- 
dents. He seemed never too busy to listen with patience and sympathy to 
either professional or personal problems. Toward his colleagues his atti- 
tude was equally generous, kindly and sympathetic. He built up a valuable 
personal professional library, together with considerable personal equip- 
ment with which to further his investigations. 
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“‘The large number of letters received by departmental members from 
professional friends and from former student employees attest the universal 
feeling of grief at his death. 

“He is survived by his wife, IsapeL CuAse (GoLpDsmirH), whom he 
married in Minneapolis, May 30, 1904.’’ 


Charles Bernard Lipman.—It is with great regret that we record the 
death of Dr. CHARLEs B. LipMAN, who has been associated with the editorial 
board of PLANT PHystoLoey from the very begining of publication. He was 
the only member of the original editorial committee remaining on the board 
along with the editor-in-chief. He died on October 22, 1944. 

Dr. LipMan was born in Moscow, Russia, August 17, 1883, son of MICHAEL 
GrEGorY and IpA BIRKHAHN LIPMAN, and was brought to America when he 
was six years old. We have little information concerning his boyhood, but 
by the time he reached his majority he was graduating from Rutgers, with 
the B.Se. degree in 1904. Here he also took the M.S. degree in 1909, and 
he received this degree also from Wisconsin the same year. He was Goewey 
Fellow at the University of California in 1908-1909, and received the Ph.D. 
from the University of California in 1910. In 1934 his alma mater conferred 
the degree of Se.D., honoris causa. His professional connection with the 
University of California began about 1909, and he was successively instruc- 
tor in soil bacteriology, assistant professor of soils, associate professor of 
soils, professor of soil chemistry and bacteriology, professor of plant nutri- 
tion, and professor of plant physiology. He has been dean of the graduate 
division of the University of California since 1923. He has held many im- 
portant administrative positions, in which he gave distinguished service. 
He belonged to many scientific organizations and fraternities. Besides 
serving on the editorial board of PLAnr PHysiIoLoey, he was connected with 
the Journal of Bacteriology, and with Soil Science. His critical abilities 
were widely recognized ; he could be sharply critical, but he always pointed 
out with the utmost clarity the reasons for his criticisms, which were given 
without rancor. 

His own research was concerned with soils, plant physiology, plant chem- 
istry and plant nutrition, particularly trace element nutrition, nitrogen 
metabolism, bacterial flora of soils and marine waters, and bacteria of rocks, 
meteorites, ete. He did not hesitate to put forward novel theories that went 
counter to the generally accepted ideas of metabolism and survival. His 
work with low temperatures, down to a few degrees K is well known. One 
of his last contributions bears the title: Longevity in Organisms. This paper 
summarizes his ideas of survival, derived from many sources in his own 
research. His spirit is shown in the introductory sentence: ‘‘In common 
with other products of the human mind, science is often characterized by an 
extraordinary myopia respecting the subjects which form its special con- 
eern.’’ His work was always stimulative, and worth serious reading. 

He married Marion AMESBURY EvANs in 1925. They have one child, a 
daughter, Georgia Evans LIPMAN. 
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The editor-in-chief, associated with him in critical work for almost 19 
years, had come to appreciate his ability in judging papers, and situations, 
Science always suffers an irreplaceable loss in the passing of its great de- 
votees; but the inspiration of their lives remain, and so it will be with Dr. 
LipMAN. His work will remain as a part of the heritage of American plant 
physiology. 





Minor Elements.—The fifth supplement to the third edition of the Bibli- 
ography of References to the Literature on the Minor Elements and Their 
Relation to Plant and Animal Nutrition was issued in July, 1944, by the 
Chilean Nitrate Educational Bureau, Inc., Hersert C. Brewer, Director, 
120 Broadway, New York. This valuable guide to the literature of minor 
element nutrition contains 722 abstracts, and the crop plants included 
number 117. Forty or more of the elements are involved in the reported 
literature. The indices by elements, by authors, and by botanical species 
make ready reference easy. A new feature which will be welcomed is an 
index to abstracts dealing with animal nutrition. Plant physiologists have 
found these annual supplements very helpful and stimulative. The Chilean 
Nitrate Educational Bureau deserves our sincere thanks for this splendid 
service to the interests of investigators. Those who do not possess a copy of 
this bibliography should write to Mr. Brewer, Director of the Bureau. 


Annual Review of Biochemistry.— Volume XIII of the Annual Review 
of Biochemistry arrived too late to be reviewed in the July number of PLANT 
PHysIoLocy. It is a large volume, almost 800 pages, and it contains 26 valu- 
able reviews. Many of these will be of special interest to plant physiolo- 
gists. A few of the titles are given here to emphasize this point. For 
instance, H. H. Straw reviews the chloroplast pigments; F. J. RicHarps, 
mineral nutrition of plants; J. van OVERBEEK, growth regulating substances 
in plants; E. L. Tatum, the biochemistry of fungi; K. C. HAMNER, photo- 
periodism in plants; and W. Z. Hassip, the chemistry of the carbohydrates. 
Mention should also be made of a review of the steroids, by F. C. Kocu. 
Many of the remaining reviews are of general physiological interest to both 
animal and plant physiologists. This series of reviews, running into its 
second decade, represents one of the finest examples of cooperation for the 
advancement of science we have in this country, or in the world. It deserves 
the highest praise, and continuing support from its beneficiaries. The price 
of the volume is still $5.00, and orders should go to Annual Reviews, Inc., 
Stanford University, California. 


Soil and Plant Analysis.—This manual of soil and plant analysis comes 
from Australian workers. The author is Dr. C. S. Prrer, chemist at the 
Waite Agricultural Research Institute, the University of Adelaide. It was 
originally printed in Australia in 1942, and this has now been reproduced 
by a photo offset process in this country, the Interscience Publishers, Inc., 
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215 Fourth Ave., New York 3, N, Y., being the reprinters. The price is 
$4.50 per copy. Part I has 14 chapters on soil analysis, and Part IT has 
4 chapters on the analysis of plant materials for inorganic constituents. 
Most of the methods presented have been used with great satisfaction at the 
Waite Institute, and may be considered reliable. The volume contains 368 
pages. It is recommended as a simple work, presenting in small compass 
methods for the most important analytical tasks in the study of soils and 
inorganic ash constituents of plants. 


Enzymology.—The fourth volume of Advances in Enzymology, edited 
by F. F. Norp and C. H. WERKMAN, has been issued during the summer by 
Interscience Publishers, Inc., 215 Fourth Ave., New York 3, N. Y. It con- 
tains 332 pages, with 26 text illustrations. The quoted price is $5.50 per 
copy. 

Eight reviews are included, with the following titles: The chemical for- 
mulation of gene structure and gene action, by ADDISON GULICK; specificity 
classification, and mechanism of action of the glycosidases, by WILLIAM 
Warp PiemAn;; the transamination reaction, by Ropert M. Hergst; tyrosi- 
nase, by J. M. NEuson and C. R. Dawson; gramicidin, tyrocidine, and ty- 
rothricin, by Roturn D. Horcukiss; biological energy transformations and 
the cancer problem, by V. R. Porrer; the influence of hormones on enzymatic 
reactions, by H. JENSEN and Leon E. TENENBAUM; and the absorption 
spectra of vitamines, hormones, and enzymes, by WALLAcE R. Bropge. These 
volumes are extremely valuable to anyone engaged in enzymological re- 
search, or to those who desire to keep abreast of this field. 


Food and Food Products.—A monumental two-volume work prepared 
under the editorship of Morris B. Jacoss. Volume I appeared in June, _ 
and the second volume is available this fall. Publishers, the Interscience 
Publishers, Inc., 215 Fourth Ave., New York 3, N. Y. Price of the set, 
$19.00, or single volumes, $10.50. The full title is The Chemistry and Tech- 
nology of Food and Food Products. Volume I contains 952 pages, and con- 
tains the work of 21 authors, presented in 23 chapters. Part I contains 
eleven chapters on fundamental problems, such as the physical chemistry 
of foods; carbohydrates; lipids; chemistry of amino acids and proteins; 
enzymes ; vitamins, vitagens, and hormones; mineral matter and other inor- 
ganic food adjunets ; coloring matters; digestion and fate of food stuffs; and 
food spoilage and food poisoning. 

Part II takes up groups of foods, twelve of them in volume 1. The gen- 
eral coverage is indicated by a few of the chapters: Milk cream and dairy 
products; meat and meat products; fish, shellfish and crustacea; poultry 
and eggs; edible oils and fats; coffee and tea; flavors, spices and condi- 
ments ; ete. 

An enormous amount of information is contained in this comprehensive 
work on foods and food technology. It ought to be of great interest to all 
students of human nutrition. 
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Organogenesis in Rubus.—<Attention is called to an unusual publica- 
tion, Research Publication no. 21, of the University of Hawaii. The gifted 
author is Dr. CHARLEs J. ENGARD, and to the reviewer he seems to have done 
a splendid piece of work on the genesis of the organs in Rubus. It is pro- 
fusely illustrated, with almost 450 figures. It is recommended to the atten- 
tion of students and research workers in morphology, physiology, and anat- 
omy. The author and his institution deserve great credit for producing an 
extensive work of this type. 


Errata.—aAttention is called to several errors reported in volume 19 of 
PLANT PuysioLocy. These errors are noted at the end of the table of con- 
tents. One of them is serious, and should be noted by all analysts. NaClO, 
must be used in EMMeErtT’s method of including ammonia in the ‘‘soluble 
nitrogen’’ tissue test, in the procedure given on page 562. We regret that 
any errors occur, but singularly few were reported during the year. 
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ORIGIN OF THE 
AMERICAN SOCIETY OF PLANT PHYSIOLOGISTS 


The American Society of Plant Physiologists was organized at a time when an urgent 
need was felt for a means for promoting and expressing plant physiological research. As 
early as 1920 a separate organization of plant physiologists had been proposed but nothing 
very concrete occurred until December 14, 1923, at which time balloting was started for 
the adoption of a constitution. The ballots were counted on March 25, 1924, and a consti- 
tution adopted. This date, March 25, 1924, is therefore considered the ‘‘birthday’’ of the 
Society. Credit is due to R. B. Harvey of the University of Minnesota for the preliminary 
steps toward organization. The constitution was first published as the Society’s Bulletin 
No. 1 on May 10, 1924, and in it were listed the names and addresses of its 76 members. 

The first officers elected by the new Society in June, 1924, were: Charles A. Shull, 
University of Chicago, president; R. P. Hibbard, Michigan State College, vice president; 
and R. B. Harvey, secretary-treasurer. On October 12, 1924, the Society became affiliated 
with the American Association for the Advancement of Science. Its journal, Plant 
tevin be was authorized in December, 1925. Its first editorial board consisted of 
Charles A, Shull, editor-in-chief, Burton E. Livingston, Charles B. Lipman, Francis E. 
Lloyd and Carleton R. Ball. The Society owes a lasting debt of gratitude to Charles A. 
Shull for the time and energy which he has put into this work. It is fitting at this time 
and place to quote from his letter of September 23, 1924, addressed to the members of the 
Society : 


‘*In accepting the leadership of the American Society of Plant Physiolo- 
gists, the newly elected officers are keenly aware of the great responsibilities and 
obligations which devolve upon them in taking up the burden of attempting to 
lay the foundations for that successful service to its membership and to science 
which we desire to see the Society achieve. 

‘* The officers desire at this time to remind the members of the Society, how- 
ever, that their responsibility is shared by each individual member of the Society 
and that only by complete cooperation, and the sharing of our ideas and ideals, 
our hopes and aspirations, can we progress toward the larger ends which we know 
ought to be, and which we hope to see, attained. . . . 

‘*With reference to the Society itself, there is only one position that the 
officers have power to take regarding it,—that it is already in existence, and all 
of its future development and activities lie in the hands of its members. We are 
only servants to carry out the provisions of our constitution and the orders of the 
Society by vote of its members. We hold that it is our duty to promote in every 
possible way its purposes and ideals. We would be unwilling to see any back- 
ward steps taken, and we invite the members of the Society to use every possible 
means to encourage the growth of the Society, and to build up an esprit de corps 
among physiologists, for the interests of the Society first, and then for the sup- 
port of all Botanical interests claiming allegiance.’’ 


The new Society soon reached a point in its rapid development where the advisability 
of incorporation was to be considered. President H. R. Kraybill appointed a committee 
of three to consider this matter. This committee consisted of Burton E. Livingston, 
James B. Overton, and Walter Thomas, Chairman. The committee made their report and 
recommendations at the New Orleans meeting in 1931. The Society voted to incorporate 
under the laws of the District of Columbia. 

The following is a record of the Society’s incorporation procedure: 


No. 21519 
CERTIFICATE OF INCORPORATION 


We, the undersigned, all citizens of the United States, and a majority of the 
District of Columbia, desiring to associate ourselves as a corporation pursuant to 
the provisions of Subchapter three (3), of Chapter eighteen (18), of the Code 
of Law for the District of Columbia, do hereby certify as follows: 

First. The name or title by which this corporation shall be known in law 
shall be The American Society of Plant Physiologists. 

Second. The term for which it is organized shall be perpetual. 

Third. The particular business and objects of said corporation shall be to 
encourage and promote the growth and development of plant physiology as a 
pure and applied phase of botanical science, to publish the results of meritorious 
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research in plant physiology, and to promote the general welfare and good fellow- 
ship of Lape aw ora physiologists. It shall remain a scientifi: organization, without 


Fourth. ogee number of trustees, directors, or managers for the first year 
of its existence shall be three. 
IN TESTIMONY WHEREOF, we have this 14th day of June, 1932, here- 


unto set our hands, 
Annie M. Hurd-Karrer (Seal) 


Charles F. Swingle (Seal) 
Frank P. Cullinan (Seal) 
Byron C. Brunstetter (Seal) 
John W. Roberts (Seal) 


DISTRICT OF COLUMBIA, SS: 

I, W. E. Taylor, a Notary Public in and for the District of Columbia, do 
hereby certify that Annie M. Hurd-Karrer—Charles F. Swingle—Frank P. Culli- 
nan—Pyron C. Brunstetter—John W. Roberts parties to a certain Certificate of 
Incorporation bearing date on the 14th day of June, 1932, and hereto annexed, 
personally appeared before me in said District, the said Annie M. Hurd-Karrer— 
Charles F, Swingle—Frank P. Cullinan—Byron C. Brunstetter—John W. Roberts 
being personally well known to me as the person who executed the said Certificate 
of Incorporation, and acknowledge the same to be their act and deed. 

Given under my hand and seal this 14th day of June 1932. 

W. E. Taylor 

Notary Public in and for 

the District of Columbia 
Notarial Seal 


The incorporators of the American Society of Plant Physiologists, F. P. 
Cullinan, Annie M. Hurd-Karrer, Charles F. Swingle, B. C. Brunstetter, and John 
W. Roberts, met at 4: 20 p.m., July 5, 1932, in Room 342, West Wing, Agricul- 
tural Department Building, Washington, D. C. 

F. P. Cullinan was elected temporary chairman and John W. Roberts tempo- 
rary secretary. 

It was moved, seconded, and passed by unanimous vote, that all the present 
existing members of the unincorporated society be elected members of the incor- 
porated society with their present rights and privileges. 

It was moved, seconded, and passed by unanimous vote, that the meeting 
adjourn till the next regular meeting of the American Society of Plant Physi- 
ologists. 

(Signed) John W. Roberts 
Temporary Secretary 


PLANT PHYSIOLOGY 


PLANT PHYSIOLOGY, the official journal of the American Society of Plant Physiolo- 
gists, is published quarterly and is devoted to the publication of original research and to 
the development of fundamental and ap»lied plant physiology. The first volume was 
issued in 1926 and contained 426 pages. The 18 volumes, published through 1943, con- 
tained a total of 13,259 pages, thus averaging a fraction over 736 pages per volume. 
Following volume 1, there was a steady growth in size to 1937 at which time a maximum 
of 1027 pages was reached. The journal has shown remarkably little adverse effects of 
the depression years and the present war years. 

With the completion of the present volume, number 19, Plant Physiology loses its 
editor-in-chief, Dr. Charles A. Shull, who has been its constant guide and inspiration from 
its inception. It is fitting at this time that special note be made of the untiring effort 
as well as financial help that Dr. Shull has contributed toward the successful germination 
and sueceeding growth and development of this scientific journal which, without a doubt, 
has now become the world’s leading periodical in the field of plant physiology. With this 
magnificent record of achievement there is every reason to believe that when the new 
editor-in-chief begins his term of office with volume 20, the continued growth of the 
journal is assured and the same high quality maintained. 
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CONSTITUTION AND BY-LAWS 


OF THE 
AMERICAN SOCIETY OF PLANT PHYSIOLOGISTS 


Article I: Name 
The name of this organization shall be the American Society of Plant Physiologists. 


Article II: Purposes 


The purposes of this organization are to encourage and promote the growth and 
development of plant physiology as a _—_ and applied phase of botanical science, to 
publish the results of meritorious research in plant physiology, and to promote the general 
welfare and good pre | of plant physiologists. It shall remain a scientifie organi- 
zation, without the object of financial gain. 


Article III: Membership 

1. The Society shall consist of members, life members, patrons, and corresponding 
members. 

2. Membership is open to plant physiologists of all nations, and to all persons in 
sympathy with the purposes of this organization. 

3. Each member residing in the United States or its possessions shall pay annual dues 
of $5.00; those residing in Canada shall pay annual dues of $5.25, and members residing 
in other nations shall pay annual dues of $5.50. Dues are payable during the last quarter 
of the calendar year, in advance of the journal year. Members whose dues are not in 
arrears are entitled to receive the official journal and other publications of the Society. 

4. Any person may become a life member whenever he has contributed one hundred 
dollars in excess of his annual dues for that specific purpose; and any person may become 
a patron when he has contributed two hundred dollars for the permanent support of the 
Society. A paid life member may become a patron by contributing one hundred dollars 
for the permanent support of the Society. Life members and patrons are entitled to 
receive the official journal throughout life. 

5. Plant physiologists of foreign countries, whether already enrolled in the Society 
or not, may become corresponding members upon election by the Society, but no such 
election shall occur at any time when the total number of corresponding members shall 
exceed two per cent of the current paid-up enrollment of the Society. Corresponding 
members shall not be billed for annual dues unless they hold annual membership in addi- 
tion to corresponding membership. They shall be entitled to receive the Bulletin through- 
out life, but not the Journal unless they are also annual or life members. 

6. Only members, life members and patrons shall be entitled to vote. 


Article IV: Local, State, and Regional Sections 


1. Loeal, state and regional sections of this organization may be formed upon the 
petition of 10 members resident in the locality, state or region, provided that such state 
or regional organization is approved by a majority of the members voting on the petition. 

2. Such sections shall have local autonomy in regard to their manner of organization, 
the holding of meetings and other activities, providing that none of the local regulations 
violate the provisions of this constitution. 

3. Any section which fails to maintain at least 10 active members is automatically 


discontinued. 
Article V: Annual and Other Meetings 


1. There shall be an annual meeting of the Society, preferably at the time and place 
of the annual meeting of the American Association for the Advancement of Science or at 
such other time and place as may be determined by the Executive Committee of the 
Society. 

2. Other meetings may be held at such times and places as may be determined by the 
Executive Committee. 


Article VI: Officers 


1. The officers of the Society shall be a president, vice-president, secretary, and execu- 
tive seeretary-treasurer. The duties of the first three shall be those usually performed 
by such officers. The executive secretary-treasurer shall handle all ordinary duties of a 
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treasurer, all non-editorial business of the official journal, Plant Physiology, and all dues 
and non-member su 

2. The president vice-president shall serve for one year and shall not be eligible 
to hold the same office a second time. The secretary shall be elected for a term of two 
years and shall be eligible for re-election. The executive secretary-treasurer shall be 
appointed by the Executive Committee for a term of three years and shall be eligible for 
reappointment. The executive secretary-treasurer and other officers entrusted with the 
funds of the Society shall give bonds in such sum and form as the Executive Committee 
shall deem necessary, the expense of maintaining such bonds being borne by the Society. 


Article VII: Endowment Funds 


1. There shall be three endowment funds, the principals of which shall be kept 
productively invested, only the incomes therefrom being available. These endowments 
are: (a) the Stephen Hales Prize Endowment, (b) the Charles Reid Barnes Endowment, 
(e) the Life-Membership and General Endowment. Additional endowment funds for 
specified p ses may be established at any time by the Executive Committee, subject 
to the provisions of the Constitution and the By-Laws of the Society. Bequests and gifts 
of funds or securities accepted by the Executive Committee shall be administered in 
accordance with the wishes of their donors. Gifts may be received for available funds 
as well as for endowment funds. 

2. Income from the Stephen Hales Endowment shall be used for occasional awards 
of the Stephen Hales Prize of the American Society of Plant Physiologists, or for transfer 
to the principal of the General Endowment. Each award of the Prize, which is named for 
Stephen Hales (1677-1761), early leader in experimentation on plant processes, is to be 

e to some North American who has made noteworthy contribution to the science of 
plant physiology. 

3. Income from the Charles Reid Barnes Endowment shall be used to create honorary 
life memberships in this Society, or for transfer to the principal of the General Endow- 
ment. These honorary life memberships are to be known as Charles Reid Barnes Life 
Memberships, named in honor of the memory of Charles Reid Barnes (1858-1910), a 
recognized leader in the development of plant physiology in America, who was the first 
professor of this science at the University of Chicago. 

4. The Life-Membership and General Endowment shall contain the fees of all living 
Barnes life members and those of all other life members and patrons and all permanent 
or trust funds not specifically allocated to some other endowment. Its income shall be 
available for the current projects of the society. 


Article VIII: Election of Officers 


1. In February of each year a call for nominations shall be sent to each person who 
has the right to vote in the Society, and each of these shall have the privilege of sub- 
mitting to the secretary one nomination for each office to be filled. Such nominations 
must be received within two months after the call. 

2. The secretary shall place upon the ballot the four names for each office which 
received the highest number of nominations for the office. In case of a tie for fourth 
place, the secretary shall determine by lot which name shall be placed upon the ballot. 
If an individual is named for more than one offize, the name shall appear but once, for the 
highest office for which he was nominated. No person may be declared nominated for an 
office in which he holds an unexpiring term, either elective or appointive. 

3. The ballots shall be sent out in May of each year and the election shall be termi- 
nated in June. The balloting shall be conducted by mail, and the ballots shall be opened 
and eanvassed at the close of election by the secretary and two other members of the 
Society appointed by the president. The nominee for each office who receives the largest 
number of votes shall be elected. 

4. If two persons shall receive an equal number of votes for any office, the election 
of one shall be decided by vote of the Executive Committee. 

5. The results of the election shall be announced to the elected officers promptly by 
the secretary. 

6. In the case of death or disability of any officer, the vacancy shall be filled ad 
interim by the Executive Committee. 


Article IX: Standing Committees 


1. There shall be four standing committees, an executive committee, a program com- 
mittee, a finance committee, and an editorial board for the official journal of the Society. 
2. The executive committee shall consist of three elected members (one elected by 
the Society each year, for a term of three years) and the following ex-officio members: 
the president (who shall be chairman of this committee), the retiring president, the vice 
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president, the secretary, executive secretary-treasurer, the editor of the official journal, 
and one representative named by each section of the Society. 

3. The program committee shall consist of three members appointed by the president 
at the annual meeting of the Society, and the secretary, who shall be ex-officio a member 
of the program committee. 

4. The finance committee shall consist of three members appointed by the president, 
one each year, for a term of three years. 

5. The editorial board of Plant Physiology shall consist of eight members. Five of 
these members, one being designated Editor-in-Chief, shall be appointed by the Executive 
Committee, one each year for a period of five years. Three of these members shall be 
elected by the Society, one each year for a period of three years. The editor of the official 
journal shall be chairman of the editorial board. 

6. The editorial board of the American Society of Plant Physiologists’ Monographs 
shall consist of an Editor-in-Chief and four members appointed by the Executive Com- 
mittee, one each year for a term of five years, and of the Editor-in-Chief of Plant Physi- 
ology. It shall be the duty of the board to select the titles of monographs to be published, 
to determine the fiseal and editorial policies to be followed, and to advise in the selection 
of key contributors. 


Article X: Auditing of Accounts 


The accounts of the executive secretary-treasurer shall be audited at the close of each 
fiseal year by a qualified auditor. The auditor’s report shall be presented to the Society 
at each annual meeting of the Society, and the exerutive secretary-treasurer shall make 
a supplementary report showing the status of the treasury at the time of the annual 
meeting. 


Article XI: Amendments 


Proposed amendments to the constitution must be submitted in writing to the seere- 
tary not less than two months before the annual election. Such proposals, before they 
ean be voted upon must be reviewed as to their desirability by the Executive Committee, 
and must receive the unanimous approval of that committee. Proposals of amendments 
having received unanimous approval of the Executive Committee, shall be placed upon the 
ballot and sent to all members in good standing at the time of the annual election. A two- 
thirds majority of those voting shall be required to pass any proposed amendment. 


BY-LAWS 


Section 1. Duties of Officers 


a. It shall be the duty of the president to preside at the annual meetings, to appoint 
all committees ordered by the Society unless named by the Society itself, and to give 
leadership to the Society in developing its various activities. 

b. The vice-president shall assume the duties of the president in the absence or disa- 
bility of the latter, or, at the request of the president, shall preside at some of the sessions 
of the annual meetings. 

e. The secretary shall arrange all meetings of the Society and Executive Committee, 
conduct all elections, and shall, in all legitimate ways, encourage the growth of the Society. 

d. The executive secretary-treasurer shall transact the general business of the Society, 
collect dues, pay all bills, be responsible for all non-editorial business of Plant Physiology, 
be responsible for non-member subscriptions and sales of back numbers of the Journal, and 
shall perform such other duties as the Executive Committee may prescribe. 


Section 2. Duties of Committees 


a. The executive committee shall have power to consider and act upon all matters not 
reserved to the Society as a whole. 

b. The program committee shall arrange all programs of the Society. 

e. The finance committee shall act in an advisory capacity to the executive seeretary- 
treasurer with reference to the investment of the productive funds of the Society. The 
committee shall also seek ways and means of increasing the productive funds for perma- 
nent support of the Society ’s work. 


Section 3. Expenses 


All expenses incident to publishing the Journal, holding of annual meetings, printing 
of programs, conduction of elections, etc., shall be paid by the executive secretary-trea- 
surer through vouchers which shall be kept on file for the auditor’s convenience. The 
certified statement of the auditor shall be presented with the executive secretary-trea- 
surer’s annual report. 





ORIGIN OF THE SOOIETY 


Section 4. Allocation of Dues 


The annual dues of each member shall be placed at the disposal of the editorial board 
of Plant Physiology and of the executive secretary-treasurer for the expenses of the 
Society and the Journal. 


Section 5. Life Membership Income 


Only the income of funds derived from life members and patrons may be used for 
the work of the Society. Upon the death of life members and patrons, the funds thus set 
free shall become a permanent endowment for such purposes as the Society may designate, 


Section 6. Election to Membership 


Applications for membership may be made at any time, and must be endorsed by one 
member in good standing. A majority vote of the Executive Committee, or of the Society 
at any regular meeting, shall elect to membership. 


Section 7. Quorum 


The members in attendance at the business meetings of the Society held during the 
annual meeting shall constitute a quorum to transact any necessary business. Action 
taken at the annual meeting, if the quorum is not less than 25 members, is final and need 
not be submitted to the Society as a whole for ratification. 


Section 8. Fiscal Year 


The fiscal year of the Society shall begin on July 1 and close on June 30. Dues are 
payable during the last quarter of the calendar year, in advance of the journal year. The 
dues shall entitle the member to membership for the fiscal year, and to all numbers of the 
official journal in the succeeding calendar year. The term of all officers shall begin on 
July 1 and close on June 30. 


Section 9. The Stephen Hales Endowment and the Stephen Hales Prize 


A. THE ENDOWMENT; AVAILABLE FUNDS, ADDITIONS, APPROPRIATIONS 
AND DISBURSEMENTS 


a. The principal or endowment of the Stephen Hales Endowment and the Stephen 
Hales Prize of the American Society of Plant Physiologists shall consist of (1) the fund 
contributed in 1927 by eighty members of the Society and amounting to $941.75 on Janu- 
ary 1, 1928, together with (2) all subsequent additions thereto. The endowment shall 
not be available for appropriation. It shall be safely invested, at interest, by the Execu- 
tive Secretary-Treasurer of the Society, who shall make additional investments from time 
to time, as additions to the principal may be received from any source. Uninvested endow- 
ment funds shall be kept (until invested) on deposit in a savings bank to draw interest. 

b. The available funds shall be kept on deposit in a savings bank to draw interest. 
They shall consist of (1) the sum of $100 (initially set aside for this purpose from the 
original contributions), (2) all income received from the endowment and from available 
funds and (3) any other additions designated as for the available funds. 

e. A financial statement of the Stephen Hales Endowment and the Stephen Hales 
Prize shall be made by the Executive Secretary-Treasurer of the Society as of November 
1, 1928, and as of the same date in subsequent years. This report shall show the status of 
the endowment at that time, the amount and sources of the available funds and suitable 
descriptions of all investments and deposits. The Executive Committee shall secure the 
publication of this statement (with suitable explanation of the nature of the Stephen 
Hales Prize) in connection with the preliminary announcement or program of the next 
annual meeting in December of each year. 

d. At the annual meeting in December of the odd numbered years (1929, 1931, ete.), 
the Executive Committee shall examine the executive secretary-treasurer’s report and 
shall make from the available funds an appropriation for the next Stephen Hales Prize 
Award, provided, however, that the available funds reported as actually in hand on the 
preceding November 1 shall not be less than $100. The award shall then be publicly 
announced, to occur at the annual meeting one year hence. If the available funds do not 
amount to $100 no appropriation shall be made, no prize award shall be announced, and 
no prize shall be awarded at the meeting one year hence. All available funds not appro- 
priated shall be kept available. The appropriation for the award one year hence shall 
be kept available. The appropriation for the award one year hence shall not in any ease 
be less than $100. 

The Executive Committee may at any annual meeting make an additional appropri- 
ation from the available funds to the endowment, but for no other purpose, with due 
regard to the surety of future prize awards. 
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e. Disbursement of previously appropriated available funds shall be by the treasurer, 
by order of the president. 
B. THe Prize AWARD 


f. The Stephen Hales Prize of the American Society of Plant Physiologists is to be 

awarded from time to time to residents of North America (men or women, members of 
the Society or not) who have served the science of plant physiology in some noteworthy 
manner. 
g. The award of this prize shall be made to a person selected by the committee on 
the Stephen Hales Prize. secretary of the Society shall notify the chairman of this 
committee in January of the even number years (1930, 1932, ete.), as to whether a prize 
is to be awarded the following December and as to the amount of the appropriation 
therefor. If a prize is to be awarded (the necessary appropriation having been already 
made by the Executive Committee of the Society), then the committee on the prize shall 
proceed to canvass the contribution of North Americans to the science of plant physiology 
and shall select, to be the recipient of the next award, a person who has not previously 
received this prize and who, in the committees’ judgment, is worthy of this honor. The 
chairman of the committee shall report their selection to the president of the Society no 
later than November 1 and the president shall thereupon notify the selected person in 
confidence and ask him or her if possible to be present at the approaching meeting of the 
Society. The name of the recipient of the prize shall be announced and the prize awarded 
at the annual dinner of tne Society. 

The award shall consist of a certificate and a sum of money representing a safe frac- 
tion of the available fund (income) from the endowment after payment has been made 
for the plate and diploma above mentioned. 

h. The recipient of the Award shall be invited to deliver the Stephen Hales lecture 
on any subject in plant physiology at the next annual meeting of the Society. 

i. The Committee on the Stephen Hales Prize shall be constituted as follows: The 
president of the American Society of Plant Physiologists shall appoint three persons to 
serve on this committee in 1928, at least two of these being members of the Society. The 
president shall appoint one of these three to be chairman for 1928, and the remaining two 
shall determine by lot which one shall serve for 1929 and 1930 and which one shall serve 
for 1930 to 1932. One member shall retire from the committee at the end of each two- 
year period and the most recent recipient of the prize shall then become a member of the 
committee, to serve for six years. The member who is serving the last two years of his 
term shall regularly be chairman of the committee. If any member of the committee 
should be unable to serve for any reason, or should resign, or if there should be no prize 
recipient to enter the committee, the president of the Society shall fill the vacancy by 
appointment to complete the vacant term. The chairman of the committee shall secure 
the certificate and shall place it in the hands of the president of the Society, for bestowal 
at the time of the official award. The bill for the certificate shall be endorsed by the 
chairman of the committee and by the president, who shall authorize its payment by the 
treasurer. The money prize shall be disbursed by the treasurer within the month of the 
occurrence of the official award, on authorization by the president. 


C. ALTERATION OF THESE RULES 


These rules may be altered only by a unanimous vote of the Executive Committee of 
the Society and only after due notice of all changes shall have been published to the 
membership a full calendar year in advance of the changes. 


Section 10. The Charles Reid Barnes Fund 


a. The Charles Reid Barnes Life Membership Fund shall consist of two funds, as - 


follows: (1) a principal fund held perpetually in trust, and (2) an available fund. The 
function of the principal fund shall be to produce, through interest on its investment, 
the available fund. The function of the available fund shall be to provide an annual 
award of a life membership in the American Society of Plant Physiologists in honor of 
Dr. Charles Reid Barnes, first Professor of Plant Physiology at the University of Chicago. 

b. The principal fund shall consist of the investments of an original fund of $1,400 
set aside at the seventh annual meeting of the Society for this purpose, plus investments 
of such gifts as have been made or may be made from time to time to the principal fund, 
and plus any invested funds which may be released by the death of life members, until 
the principal sum reaches the sum of $3,000. After the principal fund is completed, 
funds released by the death of life members shall be placed in the general endowment 
of the Society. The principal fund shall be kept constantly invested in securities recom- 
mended by the finance committee. 

ce. The interest on these life membership endowments shall be placed in the general 
treasury, in the same manner as regular membership fees. 
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d. The available fund shall consist of the accrued interest arising from the investment 
of the principal fund, plus any gifts which may be made directly to the available fund. 

e. It shall be the duty of the president of the Society immediately after he takes 
office each year to appoint a committee of five members to be known as the Charles Reid 
Barnes Life Mem Committee. 

f. It shall be the duty of the executive secretary-treasurer of the Society to report 

to the chairman of this committee not later than September 10 of each year, the status 

‘of the available fund. In case the available funds are sufficient to provide the constitu- 
tional requirements for the purchase of a life membership, the committee shall proceed 
with the selection of a candidate for the award. 

g. In considering the qualifications of members for this award, the committee shall 
consider not only the character and quality of work, but also the age of the candidates, 
and whenever suitable candidates are available, shall select men above the age of 60 years. 
Special consideration may also be given to plant physiologists who were associated in any 
way with Dr. Barnes. 

h. With the consent of the Executive Committee, the life membership committee may 
award a life membership to a non-member, provided it is known that the award would be 
accepted if made. 

i. Every fifth award shall be made to some outstanding plant physiologist of a 
foreign country. 

j. The announcement of the award shall be made by the president of the Society at 
the annual banquet. 
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SPECIAL AWARDS AND HONORS 


THE STEPHEN HALES PRIZE AWARDS 
1929—DENNIs Ropert HOAGLAND of the University of California, for his work in plant 
nutrition. 
1930—WIGHTMAN hp GaRNER of the United States Department of Agriculture, for 
his pean vase the concepts of photoperiodism. 


1932—HUBERT Vickery of the Connecticut Agricultural Experiment Station - 


for his contributions to plant-protein chemistry. 

1934—-CHARLES ALBERT SHULL of the University of Chicago, for distinguished service to 
the science of plant physiology. 

1936—KENNETH VIVIAN THIMANN of Harvard University, for his work with plant-growth 
hormones. 

1938—JOHN WESLEY SHIVE of the New Jersey Agricultural Experiment Station, for his 
contributions to plant nutrition. 

1940—-PHILIP RoDNEY WHITE of the Rockefeller Institute for Medical Research, for his 
pioneer work and major contributions to plant tissue culture. 

1942—-CORNELIUS BERNARDUS VAN NIEL of Leland Stanford University,, for his work in 
microbiology and photosynthesis. 

1944—-Ray Fietps Dawson of Princeton University for his investigations of alkaloid 
synthesis. 


CHARLES REID BARNES LIFE MEMBERSHIP AWARDS 


1926—BurTon EDwarp LIVINGSTON, Johns Hopkins University. 
1927—-FRANCIS ERNEstT LLOYD, McGill University. 
1928—-HERMAN AUGUSTUS iSPOEHR, Carnegie Institution. 
1929—-CHARLES ALBERT SHULL, University of Chicago, and 
GEORGE JAMEs PEIRCE, Stanford University. 
1930—RopnEy Howarp TRUE, University of Pennsylvania; deceased 1940. 
1931—CHARLES ORVILLE APPLEMAN, University of Maryland. 
1932—CHARLES FREDERICK HOTTES, University of Illinois. 
1933—J AMES BERTRAM OVERTON, University of Wisconsin; deceased 1937. 
1934—-FREDERICK FROST BLACKMAN, Cambridge University. 
1935—-FRANK MARION ANDREWS, University of Indiana; deceased 1940. 
1936—DANIEL TREMBLY MACDouGaL, Carnegie Institution. 
1937—-ALEXANDER PIERCE ANDERSON, Red Wing, Minn., deceased 1943, and 
Homer LERoy SHANTZ, U. S. Department of Agriculture. 
1938—Lupwie Jost, Heidelberg University. 
1939—WINTHROP J. V. OSTERHOUT, Rockefeller Institute. 
1940—WILLIAM FRANCIS GANONG, Smith College; deceased 1941. 
1941—BENJAMIN MINGE DuGGAR, University of Wisconsin. 
1942—-OLENUS LEE SPONSLER, University of California at Los Angeles. 
1943—NIcoLAI G, CHOLODNY, Ukranian Academy of Science, U.8.8.R., and 
WALTER THOMAS, Pennsylvania State College, State College, Pa. 
1944—-GrorGe W. ScAaRTH, McGill University, Montreal, Que., Canada. 


LIFE MEMBERS 
Harris M. BENEDICT, Salinas, California. THorA M. Puitr Harpy, Laurel, Maryland. 


CORRESPONDING MEMBERS OF THE SOCIETY 


1932—-FREDERICK FROST BLACKMAN, Cambridge University. 
1932—F. A. F. C. WENT, University of Utrecht; deceased 1935. 
1934—GOTTLIEB HABERLANDT, University of Berlin. 

1934—V. N. LUBIMENKO, Leningrad; deceased 1937. 
1935—-NIcoLal A. MAXIMOv, Moskva. 

1935—HANs MOLISCH, University of Wien; deceased 1937. 
1935—-BOHUMIL NEMEC, Charles University, Praha. 
1937—HENRy H. Dixon, Trinity College, Dublin. 
1937—ALFRED URSPRUNG, University of Fribourg. 
1938—Sir JOHN RUSSELL, Rothamsted Experimental Station. 
1940—P. BoySEN JENSEN, University of Kobenhavn. 


PATRONS OF THE SOCIETY 


ALEXANDER PIERCE ANDERSON, Red Wing, Minn.; deceased 1943. 
FRANK MARION ANDREWS, University of Indiana; deceased 1940. 
BurRTON EDwarp LIVINGSTON, Johns Hopkins University. 
WALTER FERDINAND LOEHWING, University of Iowa. 

CHARLES ALBERT SHULL, University of Chicago. 

HERMAN AUGUSTUS SPOEHR, Carnegie Institution. 

WALTER THOMAS, Pennsylvania State College. 
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Abersold, John N., Chemist-Physiologist, American Smelting and Refining Co., 700 Me- 
Cormick Bldg., Salt Lake City, Utah. Light; sulfur dioxide injury. 

Addicott, Fredrick T., Santa Barbara College, Santa Barbara, Calif. Hormones; root 
cultures; pollen germination; physiological anatomy. 

Addoms, Ruth M., Assoc. Prof. of Botany, Duke University, Durham, N. C. Mineral 
nutrition; physiological anatomy. 

Akamine, Ernest K., Junior Plant Physiologist, Hawaii Agric. Expt. Station, Honolulu 10, 
T. H. Seed germination studies. 

Aldrich, Willard W., Prine. Pomologist, Plant Industry Sta., Beltsville, Md. Water rela- 
tions of fruit trees; tree root behavior. 

Allison, Franklin E., Senior Chemist, Bureau of Plant Industry Sta., Beltsville, Md. 
Biochemical nitrogen fixation; soils and fertilizers, 

Altschul, Aaron M., Associate Chemist, Southern Reg. Lab., and Research Consultant, 
Dept. of Chem., Tulane Univ., Southern Regional Laboratory, 2100 R. E. Lee Boule- 
vard, New Orleans 19, La. Enzymes in growing plant and animal tissues, 

Anderson, Donald B., Prof. of Botany, N. C. State College, Raleigh, N. C. Cell wall 
structure; microchemistry. 

Anthony, R. D., Prof. Pomology, Pennsylvania State College, State College, Pa. Fruit 
tree nutrition; fruit tree understocks; storage. 

Appleman, C. O., Dean of the Graduate School, and Prof. Plant Physiology, Univ. of 
Maryland, College Park, Md. Metabolism; after-harvest physiology of plant food 
products. (Charles Reid Barnes Life Membership Award, 1931.) 

Appleman, David, Asst. Prof. Nutrition, Univ. of California, Los Angeles, Calif. Chloro- 
phyll formation; chlorosis. 

Arens, Karl, Prof. of Botany, Univ. of Brazil, Rua Marques de Sao Vincente No. 209, 
¢e. F., Rio de Janeiro. Photosynthesis; mineral metabolism. 

Armstrong, George M., Head, Dept. Botany and Bacteriology, Clemson A. & M. College, 
Clemson, 8. C. 

Arndt, C. H., Assoc. Botanist, S. C. Agric. Expt. Station, Clemson, 8. C. Water relations 
of plants; physiology of cotton seedlings. 

Arnon, Daniel I., Asst. Prof. of Plant Nutrition and Asst. Plant Physiologist, Univ. of 
California, 3048 Life Science Building, Univ. of Calif., Berkeley, Calif. Mineral 
nutrition of plants; micronutrients. 

Aslander, Alfred, Kungle Tekn. Hogskolan, Drottninggatan 95 A, Stockholm, Sweden. 

Atwood, W. M., Prof. Plant Physiology, Oregon State College, Corvallis, Ore. Germina- 
tion; respiration. 

Auchter, E. C., Agric. Research Administration, U.S.D.A., Washington, D.C. Physiology 
of crop plants. 

Avery, George S., Jr., Director Brooklyn Botanie Garden, 1000 Washington Ave., Brook- 
lyn 25, New York. Growth and differentiation; physiologically active substances. 


Babb, M. F., Physiologist, U.S.D.A., Cheyenne Hort. Field Station, Cheyenne, Wyoming. 
Physiology of vegetable crops. 

Bacon, Franklin J., Prof. Botany and Pharmacognosy, Western Reserve Univ., Cleveland, 
Ohio. Glucosides; volatile oil metabolism. 

Bailey, I. W., Prof. Plant Anatomy, Biological Laboratories, Harvard Univ., Cambridge, 
Mass. Cambium and its derivative tissues; the plant cell wall. 

Bailey, Lowell F., Plant Physiologist, Dept. of Forestry, T.V.A., Norris, Tean. Plant 
nutrition; water relations of plants. 

Bailey, Wallace K., Georgia Expt. Sta., Experiment, Ga. 

Bailey, W. M., Head Dept. of Botany, Southern Ill. State Normal Univ., Carbondale, Ill. 

Bair, Roy A., Asst. Agronomist, Univ. of Florida, Everglades Expt. Sta., Belle Glade, 
Florida. Crop ecology. 

Bakke, Arthur L., Res. Prof. Plant Physiology, Iowa Agric. Expt. Sta.; Agent, U.S.D.A., 
Ames, Iowa. Physiology; herbicides; storage. 

Baldwin, I. L., Prof. Agric. Bacteriology, Univ. of Wisconsin, Madison, Wis. Physiology 
of micro-organisms. 

Ball, Charles D., Assoc. Prof. Biochemistry, Michigan State College, East Lansing, Mich. 
Plant lipides; sterols; chemical composition and water relationship. 
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Bean, os 8, 2888 Spaulding Ave, Berkeley, Calif. Mineral nutrition; nitrogen metabo- 


Bear, Firman E., Prof. Agric. Chemistry and Soil Chemist, Rutgers Univ. and N. J. 
Ste, Adeineation Bide. Agric. Expt. Sta., New Brunswick, N. J. 


and mineral nutrition of plants. 
Beasley, Elisabeth —, ae J. pee Instructor, Vassar College, Poughkeepsie, N. Y. 
Beath, Orville A., Prof. © Phe epee of lt a Chemist, Univ. of Wyoming, Laramie, 


Wyo. Micronutrients; poisonous p ee 
i C. E., Direetor, Cuban Soils and Fertilizers Institute, Manzana de Gomez 516, 
Cuba. Soil fertility and plant nutrition. 
nenanien . H., Director, Hawaii Agric. Expt. Sta., Univ. of Hawaii, Honolulu, T. H. 
Moisture and relations. 
aaa bec Prof. of Plant Physiology, Research Prof. Univ. of Dayton and Insti- 
Uniy. of Dayton, Dayton, Ohio. Osmotic quantities; pigment 
production; growth and growth-promoting substances ; agar-bearing algae; agar pro- 


Beckenbech, Joseph Riley, Truck Horticulturist in Charge, Vegetable Crops ee eg 
Florida Agric. Expt. Sta., Bradenton, Fla. Nutrition; physiological disorders of 
vegetable crop 

Beeskow, Herbert C., Asst. Prof. Plant Physiology, Dept. of Botany, Mich. State College, 
E. Lansing, Mich. Effects of light upon plants; germination; vitamin C; mineral 
nutrition. 

Benedict, Harris M., Assoc. Physiologist, Guayule Research Project, Bureau Plant Indus- 
try, 8. & A-E., U.S.D.A., PO. Box 1708, Salinas, Calif. Seed germination; physiol- 
ogy of range grasses; weed control. (Life Member.) 

Asst. Research Prof. of Chemistry, Massachusetts State College Expt. 
Sta., Goessmann Laboratory, Amherst, Mass. Plant biochemistry ; carbohydrates. 

Bennett, ’ James P., Prof. of Plant Physiology and Plant Physiologist in the Agrie. Expt. 
Sta, Univ. of California, 110 Hilgard Hall, Berkeley, Calif. Rest period; chlorosis. 

Bennett, ” Ralph E., Researeh Biologist, Commercial Solvents Corp., oT 15 Crawford St., 
Terre Haute, Ind. Physiology of microorganisms (Mycology). 

Bergman, Herbert F., Senior Pathologist, Plant Industry Sta., Beltsville, Md. Pathology 
and physiology of cranberries and blueberries. 

Berry, L. Joe, Nutrition Clinic, Hillman Hospital, Birmingham, Alabama. Bioeleetries. 

Biale, Jacob B., Asst. Prof., Univ. of Calif., 405 Hilgard Ave., Los Angeles 24, Calif. 
Respiration ; fruit sto " 

Bibbey, Robert O., Instructor in Field Husbandry, Univ. of Saskatchewan, Saskatoon, 
Sask., Can. Germination of weed seeds. 

Biddulph, Orlin, Assoc. Prof. of Botany, State College of Washington, Pullman, Wash. 
Plant nutrition; phosphorus; metabolism. 

Birk, Franées, Research Asst. in Horticulture, Michigan State College, Div. of Hortieul- 
ture, Michigan State College, East Lansing, Michigan. Plant hormones and growth 
substances; ascorbic acid content in plants and photoperiodic responses. 

Blackman, F. F., Reader in Plant Physiology, Botany School of Cambridge, Cambridge, 
England. Respiration; photosynthesis. (Corresponding Member, 1932; Charles Reid 
Barnes Life Membership Award, 1934.) 

Bogorad, Lt. Lawrence, Station Hospital, Camp Van Dorn, Miss. Nutrition; photo- 
synthesis. 

Bonner, James, Assoc. Prof., California Inst. of Technology, Pasadena, Calif. Chemical 
plant physiology. 

Bourne, B. A., Viee President, Director of Research, United States Sugar Corporation, 
Clewiston, Fla. Pathology; physiology; agronomy sugar cane, sweetpotato, lemon 
grass, citronella grass, ete. 

Boysen Jensen, P., Prof. Universitetets Plantefysiologiske Laboratorium, Gothersgade 
140, Copenhagen, Denmark. Growth substances. (Corresponding Member, 1940). 

Brenchley, Winifred Elsie, Head of Botanical Dept., Lawes Agric. Trust, Rothamsted 
Laboratory, Harpenden, Herts, England. Minor elements and plant growth; weeds; 
manuring of grassland. 

Brennan, Eileen G., Research Asst., N. J. Agric. Expt. Sta., Rutgers Univ., West Inman 
Ave., Colonia, N. J. Plant nutrition. 
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er G., Prof. Horticulture, Univ. Farm, St. Paul, Minn. Cold resistance of fruit 


Betas, George 8., 977 Center Ave., Grandview Heights, Lancaster, Pa. 

Brown, Howard Dexter, Prof. of Vegetable Gardening, Ohio State Univ. , Columbus, Ohio. 

ty of vegetable fertilizer tests; breeding; water culture. 

Brown, J, G., Head, Dept. of Plant Pathology, Univ. of Arizona; Plant Pathologist, Ari- 
zona Agric. Expt. Sta., Univ. of Arizona; Box 4672, Univ. Station, Tucson, Ariz. 
Bacterial diseases of cotton and cacti, 

Brown, James W., 715 K St., N.E., Washington, D. C. Respiration; after ripening; 
germination. 

Brown, Russell G., Asst. Prof. Botany, Univ. of Maryland, College Park, Md. Eeology. 

Brown, V. Elhom, Prof. of Botany, Taylor Univ., Upland, Ind. 

Broyer, Theodore C., Asst. Plant Physiologist, Div. of Plant Nutrition, Univ. of Cali- 
fornia, Berkeley, Calif. Plant nutrition; absorption and translocation of solutes and 
water. 

Burk, Dean, Senior Chemist, National Cancer Institute, National Institute of Health, 
U. 8. Public Health Service, Bethesda, Md. Nitrogen fixation; photosynthesis; inter- 
mediate metabolism. 

Burkhart, Leland, Assoc. Agronomist, North Carolina State College, Raleigh, N. C. 
Nutrition of agronomie and horticultural crops. 

Burkholder, Paul R., Eaton Prof. of Botany, Yale Univ., New Haven, Conn. Vitamins; 
growth hormenes; microbiology. 

Burns, G. Richard, Assoc. Prof. of Chemistry, Hunter College, 695 Park Ave., New York 
21, N. Y. Photosynthesis. 

Burr, , George O., Prof. of Botany, Univ. of Minnesota, Minneapolis, Minn. Photosynthe- 

light effects; lipids. 

Burrell’ ay C., Prof. Agric. Chem., Ohio State Univ., Columbus, Ohio. Plant chemistry. 


Cailloux, Marcel, Institute Botanique, 4101 est Rue Sherbrooke, Montreal, Canada. 

Caird, Ralph W., ’ Assistant Range Examiner, Soil Vonservation Servi ice, U. 8.D.A. , Amarillo 
Exp t. Sta., Bushland, Texas. Range problems. 

Caldis, *D. D., In charge Agric. Research, Land Dept., California Packing Corp., 101 Cali- 
fornia St., San Francisco, Calif. Plant nutrition. 

Caldwell, Joseph S., Senior Physiologist, Bur. of Plant Industry, U.S.D.A., Plant Industry 
Sta., Beltsville, Md. Biochemistry of fruits and vegetables; methods of utilization 
of fruits and vegetables. 

Carey, Cornelia Lee, Asst. Prof. Botany, Barnard College, Columbia University, New 
York 27, N.Y. Bacteriology. 

Carneiro, Paulo de Tarso Alvim, Prof. of Botany and Plant Physiology, Escola Superior 
de Agricultura do Estado de M. Gerais, Minas Gerais, Brazil. Growth. 

Carolus, Robert L., Physiologist, Virginia Truck Expt. Sta., Norfolk, Va. Nutrition of 
vegetable crops. 

Carroll, J. Cleve, Asst. in Agronomy, Ohio Agric. Expt. Sta., Wooster, Ohio. Physiology 
of grasses and legumes; cold and drought resistance of plants. 

Carter, Edward P., Asst. Pathologist, U.S.D.A., Bureau of Plant Industry, Soils and 
Engineering, Botany Dept., Oklahoma A. and M., Stillwater, Oklahoma. Respira- 
tion; biochemistry (Sugars). - 

Casamajor, Robert, President, Pasadena Flower Show Association, 385 East Green Street, 
Pasadena 1, Calif. Research on the Cymbidium genus. 

Castaneda, Manuel A., Prof. Plant Physiology, Instituto Politeenico Nacional, Mexico, 
D. F., Apartdo Postal-7016. Plant biochemistry; respiration; metabolism; mineral 
nutrition ; soil biochemistry ; phytohormones. 

Castle, Edward 8., Assoc. Prof. of Physiology, Harvard University, Biological Labora- 
tories, Divinity Avenue, Cambridge, Mass. Growth and development; cell wall. 
Caughey, Mary G., Instructor, East Carolina Teachers College, Greenville, N. C. Physi- 

ology of Pocosin plants. 

C-Glasstone (see Glasstone, Violette, F. C-) 

Chadwick, L. C., Assoc. Prof. of Horticulture, Ohio State Univ., Columbus, Ohio. Plant 
propagation ; arboriculture. 

Chandler, F. B., Horticulturist, U.S.D.A., Plant Industry, Fruit and Vegetable Crops and 
Diseases, Pemberton, N. J. Plant nutrition. 

Chandler, W. H., Prof. Horticulture, Univ. of California, 405 Hilgard Ave., Los Angeles 
24, Calif. Horticulture. 

Chapman, Homer Dwight, Prof. of Agricultural Chemistry, Univ. of California Cit>us 
Expt. Sta., Riverside, Calif. Plant nutrition. 

Charles, Brother H., (see Severin, Charles F.) 

Cheney, Ralph H., Chairman, Div. of Natural and Physical Sciences; Chairman, Biology 
Dept., Long Island Univ., 300 Pearl St., Brooklyn 1, N. Y. Econ, botany; beverage 
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and medicinal ts (distribution, use, effect on man); pharmacology of the purine 
groups, y caffeine. 

Childers, Norman Franklin, U. 8S. Dept. of Agric. Expt. Sta., Mayaguez, Puerto Rico. 
Photosynthesis; transpiration; respiration of plants. 

Cholodny, Nicolai G., Care of Embassy, U.S.S.R., Washington 6, D. ©. (Charles Reid 
Barnes Life Membership Award, 1943.) 

SS G., Assoc. Prof. of Botany, Cornell Univ., Ithaca, N. Y. Geueral plant 

physiology. 

Clark, Harold E., Head of Physiology and Soils Dept., Pineapple Research Institute, 
P.O. Box 3166, Honolulu 2, T. H. Physiology of pineapple; nitrogen nutrition; 
plant-growth regulators. 

Clark, Norman A., Assoc. Prof. Soil Chemistry, Iowa State College, Ames, lowa. Mineral 
nutrition; accessory growth-substances. 

Clark, Orton L., Assoc.. Prof. Botany, Massachusetts State College, Amherst, Mass, Light 
and growth; plant motility; ecology. 

Clements, Frederic E., Laboratory of Ecological Research, Coastal Laboratory, Santa 
Barbara, Calif. (Oct—May); Alpine Laboratory, Manitou, Colo. (June—Sept.); 190 
Meradero Lane, Santa Barbara, Calif. Ecology; paleo-ecology. 

Clements, Harry. F., Prof. Botany and Plant Physiology in Expt. Sta., Univ. of Hawaii, 
Honolulu, T. H. Climate and plant growth; bud behavior; translocation. 

Clum, Harold H., Assoc. Prof. Biological Sciences, Hunter College, P.O. Box 572, 
Chappaqua, N. Y. Water relations. 

ies Ada Silvia, Prof. Botanica y Fisiologia Véget. Un Turin, Rivadavia 755, Buenos 

ires. 

Conklin, Dwight B., Teaching Asst., State University of Iowa, Botany Dept., 525 S. 
Johnson St., lowa City, lowa. Plant development. 

Conner, Herbert W., Chief Chemist, Wm. Wrigley Jr. Co., Ration Division, 410 N. Michi- 
gan Ave., Chicago, Ill. 

Conrad, John P., Prof. of Agronomy, Univ. of Calif., Davis, Calif. Effects of crops and 
crop residues on soil and crops following. 

Cooil, Bruce J., 20 Midway St., Salinas, Calif. 

Cooke, Douglas A., Plant Physiologist, Hawaiian Sugar Planters’ Assn.; 2344 Makiki 
Heights Road, Honolulu 21, T. H. Mineral nutrition of sugar cane. 

Cooley, J. S., Senior Pathologist, Div. of Fruit and Vegetable Crops and Diseases, Plant 
Industry Sta., Beltsville, Md. Pathology. 

Cooper, H. P., Dean of Agriculture and Director of the Agric. Expt. Sta., Clemson College, 
Clemson, 8. C. Mineral nutrition; ecology. 

Cooper, William C., Horticulturist, U. 8, Subtropical Fruit Expt. Sta., Orlando, Florida. 
Physiology of quinine and rotenone bearing plants; plant hormones. 

Cosper, Lloyd C., Independent Research, 1779 E. Mendocine St., Altadena, Calif. Orchid 
nutritional studies; effect of growth hormone on orchids; orchid seed germination. 

Cox, Leland G., Research Associate, Dept. of Botany, Cornel] Univ., Ithaca, N. Y. 
Embryo dormancy and rubber analysis. 

Craft, James H., Jr., Assoc. Prof. of Biology, Adams State Teachers College, Alamosa, 
Colo. Growth metabolism of succulents. 

Crafts, Alden S., Assoc, Prof. of Botany and Assoc. Botanist in the Expt. Sta., Univ. of 
Calif., College of Agric., Davis, Calif. Structure and function of phloem; chemical 
weed control; plant cell water relations. 

Cruess, Wm. V., Prof. Fruit Technology and Chemist in Expt. Sta., 339 Hilgard Hall, 
University of California, Berkeley, Calif. Enzymes; yeast metabolism. 

Cullinan, F. P., Asst. Chief of Bureau of Plant Industry, Soils, and Agric. Engineering, 
Beltsville, Md. Fruit tree physiology and nutrition. 

Culpepper, Charles W., 4435 N. Pershing Drive, Arlington, Va. Fruit and vegetable 
preservation. 

Currier, Herbert B., Research Chemist, Basic Vegetable Products Company, Vacaville, 
California. Cellular physiology; water relations. 

Curtis, Lawrence C., Asst. Geneticist, Connecticut Agric. Expt. Sta., Box 1106, New 
Haven, Conn. Physiological genetics. 

Curtis, Otis F., Prof. of Botany, Cornell Univ., and Plant Physiologist, Agric. Expt. Sta., 
Cornell Univ., Ithaca, N. Y. Translocation; water relations; temperature relations; 
photosynthesis. 


Curtis, Otis F., Jr., Guayule Research Project, Bur. Plant Industry, Box 1708, Salinas, 


Calif. 


Daniel, Theodore W., Grazing Specialist, Washington Agric. Expt. Sta., Puyallup, Wash. 
Water relations and transpiration of plants. 

Danielson, Loran L., Chemist and Plant Physiologist, Calif. Packing Corp., Rochelle, Il. 
Physiology of vegetable crops; photoperiodism; plant nutrition. 
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Darken, Marjorie A., Research Biochemist, Heyden Chemical Corp., River Road, Garfield, 
N. J. Physiology; biochemistry; fermentation. 

Davidson, O. Wesley, Assoc. Floriculturist, Asst. Prof. Pomology, New Jersey Agric. Expt. 
Sta. and Rutgers Univ., New Brunswick, N. J. Plant nutrition. 

Davies, P. A., Prof. and Head, Dept. of Biology, College of Liberal Arts, Univ. of Louis- 
ville, Louisville, Ky. Physiology ; biochemistry. 

Davis, A. R., Lt. -Col. dqrs. E.8.8., Camp Callan, Calif.; Prof. Plant Physiology, Univ. 
of California, Berkeley, Calif. ” Relation of light to ‘growth. 

Davis, Charles Homer, 276 Paloma, Salinas, Calif. Soil moisture as affecting growth of 
plants. 

Davis, L. D., Assoe. Prof. Pomology, Univ. Farm, Univ. of California, Davis, Calif. 

Davis, Ward B., Chemist, Bureau of Agr. and Ind. Chemistry, U.S.D.A., 148 South Mis- 
sion Road, Los Angeles 33, Calif. Enzymes and vitamins. 

Dawson, Ray F., Asst. Prof. Biology, 324 Guyot Hall, Princeton. University, Princeton, 
N. J. Plant physiological chemistry; biochemistry of the alkaloids; nitrogen metabo- 
lism. (Stephen Hales Prize Award, 1944.) 

Day, Dorothy, Div. of Plant Pathology and Botany, Univ. Farm, St. Paul 8, Minn. 

Decker, Capt. John P., Air Corps, Section D, Westover Field, Chicopee Falls, Mass. 
Photosynthesis. 

Dellers, Marian C., Fellow, Botany Dept., Iowa State College, Ames, Iowa. 

DeLong, Walter A., Assoc. Prof. of Chemistry, Macdonald College (MeGill University), 
Macdonald College, Quebec, Canada. Plant nutrition; structural compounds of plant 
tissues; respiratory processes. 

Dennison, Raymond A., U. 8. Naval Reserve, Armed Guard Center, Pacific, Treasure 
Island, Calif. Photoperiodism; mineral nutrition. 

DeRose, H. Robert, 1st Lt., Chemical Warfare Service, U. 8S. Army, Camp Detrick, Md. 
Effect of trace elements on chemical composition of plants; plant biochemistry. 

Deters, Merrill E., Prof. of Forestry, University of Idaho, Moscow, Idaho. Tree physi- 
ology. 

DeTurk, Ernest E., Prof. of Soil Fertility, Univ. of Illinois, Dept. of Agronomy, Univ. 
of Illinois, 306 Old Agric. Bldg., Urbana, Ill. Soil chemistry; plant nutrition; ion 
uptake; nutrient deficiency symptoms and the physiology of their development. 

Deuber, Carl G., Biochemist, Stauffer Chemical Co., New York, N. Y., 121 Thornton St., 
Hamden 14, Conn. Physiology of fungi. 

Dexter, S. T., Assoc. Prof. and Research Assoc., Michigan State College, Farm Crops 
Dept., East Lansing, Mich. Winter hardiness; physiology of economic crops. 

Dimond, Albert E., Johnson Laboratory, Univ. of Pennsylvania, Philadelphia, Pa. Physi- 
ology of fungi; fungicides. 

Dixon, Henry H., Univ. Prof. Botany, Trinity College, Dublin, Irel: snd. Osmotic pres- 
sure ; translocation. (Corresponding Member, 1937.) 

Doneen, Lloyd D., Asst. Irrigation Agronomist, Division of Irrigation, College of Agri- 
culture, Univ. of Calif., Davis, Calif. Plant-soil-water relations. 

Doty, Hiram 8., Prof. Biology, Simpson College, Indianola, Iowa. Ecology; physiology. 

Downie, Andrew A., 295 Maple St., New Britain, Conn. 

DuBuy, H. G., Asst. Prof. Plant Physiology, University of Md., College Park, Md.; 
5013 Hollywood Rd., Berwyn, Md. General physiology; growth factors. 

Duggar, Benjamin M., Lederle Laboratories, Bldg. 100, Room 610, Pearl River, N. Y. 
Physiology ; physiological pathology. (Charles Reid Barnes Life Membership Award, 
1941.) 

Dungan, George H., Prof. of Crop Production in College of Agriculture; Chief in Crop 
Production in Illinois Expt. Sta., Univ. of Ill., Urbana, Ill. Physiology and adapta- 
tion of corn, wheat, oats, and barley. 

Dunlap, A. A., Chief, Division of Plant Pathology and Physiology, Texas Agric. Expt. 
Sta., College Station, Texas. Physiological aspects of plant diseases; fruiting of 
cotton. 

Dunn, Stuart, J., Asst. Prof. of Botany and Plant Physiologist, Agric. Expt. Sta., Univ. 
of New Hampshire, Durham, N. H. Soil texture and aeration; plant propagation; 
seed stimulation. 

Dustman, Robert B., Head, Dept. of Agric. Chem., West Virginia Univ., Morgantown, 
W. Va. Plant chemistry and nutrition. 

Dyer, Hubert Jerome, Research Division, General Laboratory, Libby, MeNeill, & Libby, 
Blue Island, Dl.; 5551 Kimbark Avenue, Chicago 37, Ill. Lipid metabolism. 


Eastwood, Thomas M., Olericulturist, Standard Oil Company of New Jersey, ¢/o Lago 
Oil and Transport Co., Aruba, N.W.I. Plant physiology in general and plant 
nutrition. 

Eaton, Frank M., Senior Physiologist, U.S.D.A., Bureau Plant Industry, Expt. Sta., 
College Station, Texas. Physiology of cotton plant. 
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Seott V., Asst. Prof. of Botany, Univ. of Chicago, Chieago, Ill. Mineral nutri- 


; plant 
, Walter S., Research Prof. and Head of f A Massachusetts 
vt Clgy 39 Dae 1 A go a alge ean. vo colloidal chemistry 
Luis Prof. y Fisiologia V Escuela Superior de 
ronomia, sper a Baw Fe Venezuela; Fertilidad de uelos, nutricién vegetal y 


El Ethel T., Assoc. Prof., Mount Holyoke Coll 11 Wright Place, South 
tinge, Eth ” —_ ege, rig Hadley, 
Asst. Prof. Horticulture, Univ. of Ky., Lexington, Ky. Use of rapid 


E. M., 
tests in ge | the nutritive needs of plants. 
Engard, Charles J., Asst. Prof. of Botany, Univ. of Hawaii, Honolulu 10, T. H. Physi- 


ology ; > 

Evans, iL. Prof. Ror yom cls ecg gree College for Women, College Station, 
Columbus, Miss. Seed germination t ecology. 

Eversole, H. O., Retired, 1856 Foothill Bivd., La Canada, Calif. 

Eyster, = cone? Clyde, Asst. Prof. of Botany and Head Dept. of Botany, Univ. of South 
Dakota, Vermillion, 8. D. Enzymes; auxins; osmosis; adsorption. - 

Eyster, William H., Dept. of Botany, Bucknell Univ., Lewisburg, Pa. Genetics; plant 

ts. 


D., Puyetingist, U.8.D.A., Plant Industry Sta., Beltsville, Md. Vitamins; 
fruit storage. 


Fergus, Ernest Newton, Agronomist in Charge of Pasture and Forage a Investiga- 
tions; Prof. of Farm Crops, Univ. of Kentucky, c/o Agric. Expt. Sta., Lexington, 
Ky. "Pasture and forage crops p eg and management. 

—s Nick, 1106 Pleasant Ave., Yakima, W 
_ M, Biochemist, Office of Sugar Plants, U US.D.A., Box 31, Riverside, Calif. Plant 


Finch, Alton H., ‘Horticulturist, Univ. of Arizona, Tucson, Ariz. Nutrition of fruiting. 

Flint, Lewis H., Prof. of Botany, Louisiana State Univ., Baton Rouge, La. Light rela- 
tions of plants. 

Floyd, Bayard F., Horticulturist, Wilson and Toomer Fertilizer Co., Davenport, Fla. 
Citrus culture. 

—- a Garden Supervisor, Flanner House, 333 W. 16th Street, Indianapolis 2, 
D 

Francis, William las, Botanist, Dept. of Agric. and Stock, Botanic Gardens, Bris- 
bane, Australia. catalyses; p lasm 

Frazier, John C., Asst. Prof. of Botany, Kansas State College, and Asst. Plant Physiolo- 
gist, Kansas Agric. Expt. Sta., Manhattan, Kansas. Plant chemistry; weed control. 

Freeland, R. O., Assoe. Prof. Botany, Northwestern Univ., Evanston, Ill. Plant physi- 
ology ; ecology. 

French, C. 8., Asst. Prof., Univ. of Minnesota, Dept. of Botany, Univ. of Minnesota, 
Minneapolis, Minn. Photosynthesis; respiration; purple bacteria. 

Frenkel, Albert W., Kerckhoff Laboratories, California Inst. of Technology, Pasadena, 
Calif. Photosynthesis. 

Furr, J. R., Physiologist, Bur. of Plant Industry, U. 8. Subtropical Fruit Field Stz., 
Orlando, Fla. Water relations. 


Gail, Floyd W., Prof. Botany, Univ. of Idaho, Moseow, Idaho. Physiology; ecology. 
Galligar, Gladys C., Asst. Prof. Biology, James Millikin Univ., Decatur, Ti. Tissue 
eulture. 


Garner, W. W., Physiologist, Bur. Plant Industry, Soils and Agric. Chemistry, Beltsville, . 


Md. Photoperiod; tobaeeo. (Stephen Hales Prize Award, 1930.) 

Gast, P. R., Harvard Bilological Laboratories, Cambridge 38, Mass. Forest tree growth 
and nutrition; radiation. 

Gauch, Hugh Gilbert, Asst. Plant Physiologist, U. S. Regional Salinity Laboratory, 
Riverside, Calif. Mineral nutrition of plants under conditions of high salinity. 
Gerhardt, Fisk, Physiologist, U.S.D.A., Fruit Disease Lab., Box 99, Wenatehee, Wash. 

Physiology and biochemistry of deciduous fruits; transportation and storage. 

Gerry, Eloise, Senior Miecroscopist in Forest Products, and Lecturer, Univ. of Wisconsin, 
U. 8. Forest Products Laboratory, U.S.D.A., Madison 5, Wisconsin. Physiological 
anatomy; tree abnormalities; wound reactions; heartwood formation. 

Gibbs, R. Darnley, Asst. Prof. of Botany, McGill Univ., Montreal, P. Quebee, Camada. 
Tree physiology; chemistry as an aid to taxonomy. 

Gilbert, Basil E., Viee Director, R. I. Agric. Expt. Sta., Kingston, R. L. 

Gilbert, Seymour G., Asst. Plant Physiologist, U.S.D.A., Field Laboratory for Tung 
Investigations, Univ. Sta., Box 2817, Gainesville, Fla. Mineral nutrtiion; respira- 
tion; germination. 
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Gilman, Joseph C., Prof. of Botany, Iowa State College, 518 Ash Ave., Ames, Iowa. 
Physiology of the fungi. 

Girton, Raymond E., rt of Plant Physiology, Purdue Univ., Dept. of Biology, Purdue 

Univ., Lafayette, Ind. Respiration of roots. 

Glasstone, Violette F. C-, Division of Plant Nutrition, Univ. of California, Berkeley, Calif. 

Glatfelter, Edith E., Prof., Harris Teachers College, 4720 N. 20th St., St. Louis, Mo. 

= Paul R., 6432 8. California Ave., Chicago 29, Ill. Mineral nutrition ; Tespi- 
ration. 

Goodwin, Richard H., Dept. of Botany, Connecticut College, New London, Conn. Develop- 
mental morphology; radiation and growth. 

Gould, C. J., Research lant Pathologist, Western Washington Expt. Sta., Puyallup, Wash. 

Gourley, Joseph H., Head, Dept. of Horticulture, Ohio Agric. Expt. Sta., Wooster, Ohio. 
Horticulture. 

Graber, Laurence F., Prof. of Agronomy and Chairman of the Agronomy Dept., Univ. 
of Wisconsin, Madison, Wis. Food researches in relation to the growth of alfalfa 
and other forages 

Granick, Sam, Asst. ist. Rockefeller Institute for Medical Research, 66th St. and York Ave., 
New York, N. ¥. Chloroplasts; Redox potentials; iron metabolism. 

Greathouse, Glenn A., Dir. Information Center, Tropical Deterioration Project, National 
—- Committee, 6701 Queens Chapel Rd., Hyattsville, Md. Biophysics; biochem- 

orks Sunee decomposition. 

Greene, Laurenz, Chief in Hort., Purdue Agric. Expt. Sta., Lafayette, Ind. Horticulture; 
floriculture; ; light. 

Greulach, wen A., Assoc. Prof. of Biology, Univ. of Houston, Houston 4, Texas. Photo- 

rio lant growth. 

, Chemist, National Union Radio Corp., Lansdale, Pa. Plant breeding ; 

colchicine work. 

Grossenbacher, Karl A., Instructor and Research Associate, Harvard Forest, Petersham, 
Mass. rie G. Pr propagation; water relations; growth. 

Gustafson, Felix G., Prof., Univ. of Michigan, Ann Arbor, Mich. Parthenscarpy; growth 
hormones ; respiration ; vitamins. 


Haas, Albert Richard Carl, Assoc. Plant Physiologist, Univ. of Calif., Citrus Expt. Sta., 
Riverside, Calif. Nutrition of citrus, avocado, walnut, and date. 
Haberlandt, Gottlieb, em. o. Prof. d. Bot., Berlin, Germany. (Corresponding Member, 


1934.) 

Hageman, Richard H., W. C. C. W. School, Camp Beale, Calif. Mineral nutrition. 

Hahn, Vernon, 207 South 4th St., St. Charles, Ill. Forest tree physiology. 

Hamm, Phillip C., 633 S.W. 136th St., Seattle 88, Wash. Plant propagation; mineral 
nutrition. 

Hamner, Karl C., Asst. Director, U. 8. Plant, Soil and Nutrition Laboratory, Tower 
Road, Ithaca, N. Y. Photoperiodism; hormones; nutrition. 

Hardy, Thora M. Plitt, Assoc. Microanalyst, Fish and Wildlife Service, U. S. Dept. of the 
Sica Beltsville Research Center, Beltsville, Md.; Rt. 2, Box 199, Laurel, Md. 
Microchemistry; fiber structure (plant and animal). (Life Member.) 

Harley, C. P., Physiologist, U.S.D.A., Bureau of Plant Industry, Soils and Agric. Eng., 
Box 99, Wenatchee, Wash. 

Harrington, James F., Research Assoc. in Vegetable Crops, Horticultural Building, Iowa 
State College, Ames, Iowa. Mineral nutrition. 

Harris, G. Howell, Assoc. Prof. of Hort., Univ. of British Columbia, Vancouver, Canada. 
Plant nutrition; respiration and growth; food values of fruits and vegetables. 

Harrison, Bertrand F., Chairman, Botany Dept., Brigham Young Univ., Provo, Utah. 
Rooting of cuttings. 

Harrison, C. M., Michigan State College, Farm Crops Dept., East Lansing, Mich. Physi- 

y of grasses; pasture management. 

Hart, orien, Asst. Prof. Plant Path., Univ. of Minn., Univ. Farm, St. Panl, Minn. Dis- 
ease resistance. 

Hartman, John D., Assoc. in Horticulture, Purdue Univ. Agric. Expt. Sta., Dept. of 
Horticulture, Purdue Univ., Lafayette, Ind. Production problems and breeding of 
vegetable crops. 

Hartmann, H. T., Division of Pomology, Univ. of Calif., Davis, Calif. 

Hartt, Constance E., Expt. Sta., Hawaiian Sugar Planters’ Ass’ n, Honolulu, T. H. 
Sugar cane; nutrition ; growth. 

Harvey, E. M., Physiologist, U.S.D.A., 305 W. Alvarado, Pomona, Calif. Physiology and 
chemistry of fruiting. 

Harvey, R. B. Prof. Plant Physiology, Agric. Bot. and Horticulture, Univ. of Minne- 
sota, Route 2, Box 116, Stillwater, Minn. Hardiness; storage; rubber. 

Harvey, William ’A., Research Assistant, Irrigation Branch Expt. Sta., Prosser, Wash. 
Weed control ; reserves in weed roots; plant chemistry. 
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Hassid, W. Z., Div. of Plant Nutrition, Univ. of Calif., Berkeley, Calif. 
Hayward, Herman E. , Senior Plant Anatomist, U. 8. Regional Salinity Laboratory, River- 
—_ Calif. Developmental plant anatomy ; effect of salinity on plant structure; 


of water into roots. 
Hecker, Richard C., On duty in the United States Army, 724 Roberts St., Reno, Nev. 
Photosynthesis and growth hormones. 
Heinicke, Arthur J., Prof. of Pomology, Director of N. Y. State Agric. Expt. Sta. dl 
nell Univ., 597 W. North Street, Geneva, N. Y. Physiology of fruit bearing p 


photosynthesis of fruit trees. 

Heinze, Peter H., Assoc. Plant ag or ae U.S8.D.A., Bureau of Plant Industry, Soils 
and Agricultural z 8S. Reg. Breed. ’Lab., Charleston, 8. C. Vitamin 
content of tables ; of determining vitamins; photoperiodism. 

Helgeson, E. A., Head Dat. 3 of pred N. Dak. Agric. College, Fargo, N. Dak. Physio- 


logical ecology crop plants; seed germination. 

Hendrickson, A Pomologist, Univ. of Calif., Davis, Calif. Plant-soil-water relations, 

Herrick, Ervin M., Commercial Florist- Grower, R.F.D. 1, Hudson, Ohio. Seed germi- 
nation. 

Hibbard, R. P., Plant Physiologist, Michigan State College, East Lansing, Mich. 

Hiesey, Wm. Ni. Staff Member, Carnegie Institution of Washington, Stanford Univ., Cali- 
fornia. Experimental taxonomy ; physiology. 

Higinbotham, Noe, Plant Physiologist, Texas Agric. Expt. Sta., Route 1, Beaumopt. 
Texas. Rice nutrition and diseases. 

Hildreth, A. C., Head Plant Physiologist, U. S. Dept. of Agriculture, 315 West 9th St., 
Los Angeles, Calif. Hardiness; drought. 

Hill, George R., American Smelting and Refining Co., 700 MeCormic Bldg., Salt Lake City, 
Utah. Photosynthesis. 

Hill, Henry H., Va. Agric. Expt. Sta., Blacksburg, Va. Green manures nitrification; 
lysimeter experiments ; soils. 

Hires, Clara 8., Owner, Mistaire Laboratories, 152 Glen Ave., Millburn, N. J. Raising 
plants in jellied chemicals. 

Hoag, Don G., Harwood, North Dakota. Mineral nutrition; spectrographie analyses. 

Hoagland, D. R., Prof. Plant Nutrition; Head, Div. of Plant Nutrition, Univ. of Calif., 
3048 Life Sciences Building, Berkeley, Calif. Inorganic nutrition of plants. 
(Stephea Hales Prize Award, 1929.) 

Hobbs, Clinton H., Asst. Plant Physiologist, U.S.D.A., Guayule Research Project, Box 
1708, Salinas, Calif. Nutrition; respiration. 

Hock, Charles W., Research Chemist, Hercules Powder Co., Wilmington, Del. Proto- 
plasm; fibers. 

Hoffer, George N., Manager, Midwest Office, American Potash Inst., Inec., 423 Life Bldg., 
Lafayette, Ind. Plant nutrition. 

Hope, Claude, Asst. Hort., U. S. Plant Introduction Garden, Glenn Dale, Md. Phyto- 
chemistry. 

Horr, W. H., Assoe. Prof. of Botany, Univ. of Kansas, Lawrence, Kansas. Metabolism. 

Hottes, Charles F., Emeritus Prof. Plant Physiology, Dept. of Botany, Univ. of IIL, 
U rbana, Ti. (Charles Reid Barnes Life Membership Award, 1932. y 

Howlett, Freeman S., Assoc. Horticulturist, Ohio Agric. Expt. Sta., Wooster; Prof. of 
Horticulture, Ohio State Univ., Ohio Agrie. Expt. Sta., Wooster, Ohio. Plant physi- 
ology; horticulture. 

Hoxmeier, Sister Mary Claire, Biology Dept., Briar Cliff College, Sioux City 17, Iowa. 
Plant physiology. 

Huffington, Jesse M., Asst. Prof. Vegetable Gard. Extn., Hort. Bldg., 625 Holmes St., 
State College, Pa. Vegetable growing; soil management. 

Hurd-Karrer, Annie May, Physiologist, Div. of Cereal Inv., Plant Ind. Sta., Beltsville, 
Md. Toxic elements; plant nutrition. 

Hutchins, Lee M., Principal Pathologist in Charge, Div. of Forest Pathology, Bur. of 
Plant Industry, Soils, and Agric. Engineering, U.S.D.A., Plant Industry Sta., Belts- 
ville, Md. Oxygen-supplying power of the soil; physiological diseases; virus diseases. 


Inge, Frederick D., Bennett College, Greensboro, N. C. Plant growth and differentiation. 

Ireland, J. C., Plant Physiologist, Okla. Agric. Expt. Sta., Stillwater, Okla. Plant 
breeding. 

Issatchenko, B. L., Academy of Sciences, Novinsky Buly. 25 Kv.11, Moskva 69, U.S.S.R. 
Microbiology ; seeds. 


Jacobson, Henry George Martin, Assoc. Soils Research, Connecticut Agrie. Expt. Sta., 
New Haven, Conn. Soils; plant nutrition; rare elements. 

Jacobson, Louis, Analyst, Div. Plant Nutrition, Univ. of Calif., 1535 Shattuck Ave., Berke- 
ley, Calif. Physiology; nutrition. 
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Jayne, Martha, Army Medical School, Washington, D. C.; R.F.D. 1, Laceville, Pa. Growth 
and movement; metabolism. 

Jeffrey, Robert N., Plant Physiologist, Kentucky Agric. Expt. Sta., Lexington 29, Ken- 
tucky. 0. BE Het of tobacco curing; plant pigments; photosy nthesis. 

Jennings, O Dept. Biology, Univ. of Pittsburgh; Curator of Botany, Carnegie 
Museum ; Carnegie Museum, Pittsburgh, Pa. Plant ecology and taxonomy. 

Joham, Howard E., , Asst. Physiologist, Texas Agric. Expt. Sta., c/o R. Franze, Star Route, 
Bryan, Texas. 

Johnson, Edna L., Prof. of Biology, Univ. of Colo., Boulder, Colo. Radiation of plants; 
growth-promoting substances. 

— Henry A., Asst. Agronomist, U.S.D.A., Soil Conservation Service, 978 West 

Wabasha St., Winona, Minn. Application of physiology to agronomy; temperature 
studies. 

Johnston, Earl 8., Asst. Director, Div. of Radiation and Organisms, Smithsonian Inst’n, 
Washington 25, D. C. Radiation and plant growth; phototropism; photosynthesis. 

Johnstone, George Rufus, Prof. of Botany and Head of Dept. of Botany, Box 31, Univ. 
of Southern California, 3551 Univ. Ave., Los Angeles 7, Calif. Periodicity; plant 
nutrition ; sand culture technique for mass production. 

Jones, John P., Regional Agronomist, Soil Conservation Service, Center Bldg., Upper 
Darby, Pa. Soil conservation. 

Jones, Linus H., Asst. Research Prof. of Botany, Massachusetts Agric. Expt. Sta., 
Amherst, Mass. Plant nutrition; soil temperature effects on plant development; 
creosote injury; subirrigation. 

Jones, Winston W., Assoc. Horticulturist, Univ. of Arizona, Tucson, Ariz. Citrus physi- 
ology. 

Jost, Prof. L., Eckenerstrasse 22, Heidelberg, Germany. (Charles Reid Barnes Life Mem- 
‘bership Award, 1938.) 

Julander, Odell, Assoc. Prof. of Forestry, Univ. of Arkansas, Fayetteville, Ark. Forest 
research. 

Jurica, Hilary 8., St. Procopius College, Lisle, Ill. Permeability. 


Keenan, Edward T., Keenan Soil Lab., Frostproof, Fla. Plant nutrition. 

Kersten, Harold J., Prof. of Biophysics and Fellow in the Graduate School, Univ. of 
Cincinnati, Cincinnati, Ohio. Biological effects of radiations. 

Kertesz, Z. I., Prof. of Chemistry, New York State Agric. Expt. Sta., Cornell Univ., 
Geneva, N. Y. Pectins; plant enzymes; agricultural biochemistry. 

Keswick, Robert C., R.F.D. 1, Box 366, Tempe, Arizona. 

Kezer, Alvin, Prof. of Agronomy (Head of Dept.) Colorado State College of A. & M., 
Fort Collins, Colo. Soils; crop nutrition; crop improvement. 

Kimbrough, William D., Horticulturist, Louisiana Agric. Expt. Sta., Louisiana State 
Univ., Baton Rouge, La. Storage and nutrition. 

King, Genevieve N., Dept. of Botany, Marshall College, Huntington, W. Va. Floral 
primordia; seedless fruits; morphogenic responses, 

Kitchen, Edward M., Agronomist—Plant Pathologist, Pacific Coast Borax Co., 51 Madi- 
son Ave., New York 10, N. Y. Plant photography; herbicides; plant nutrition. 
Knott, James E., Head, Div. of Truck Crops, Univ. of California, Davis, Calif. Photo- 

periodism and temperature relationships, 

Korstian, Clarence F., Director School of Forestry, Duke Univ., Durham, N. C.  Silvies. 

Kozlowski, Theodore, Lieut., U. S. Army Air Forces, 319th Fighter Control Squadron, 
APO 706-1, ¢/o Postmaster, San Francisco, Calif. Water relations; transpiration; 
absorption, 

Kramer, Amihud, Food Chemist, Univ. of Maryland, College Park, Md.; 30—-D Crescent 
Rd., Greenbelt, Md. Quality and nutritive values of preserved foods. 

Kramer, Paul J., Assoc. Prof. of Botany, Duke Univ., Durham, N. C. Absorption of 
water; physiology of woody plants. 

Kraus, E(zra) J., Prof. of Botany, Univ. of Chicago, Chicago, Ill. Morphology; tissue 
differentiation. 

Kraybill, H. R., Dir., Dept. Scientific Research, American Meat Inst.; and Professional 
Lecturer, Dept. Biochemistry, Univ. of Chicago, 5720 Woodlawn Ave., Chicago 37, Tl. 
Plant biochemistry ; chemistry of fats and meat. 

Krotkov, G., Assoc. Prof. of Biology, Queen’s Univ., Kingston, Ontario, Canada. Physi- 
ology of fruits and vegetables. 


LaFuze, H. H., Assoc, Prof. Biology, E. Ky. State College, Richmond, Ky. Nutrition; 
physiology of fungi. 

Landon, Raymond H., Dept. of Plant Physiology, Univ. Farm, St. Paul, Minn. Respira- 
tory enzymes; effect of low temperatures on plants. 
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—_— Lorenzo P., Dept. of Hort., Univ. of N. H., Durham, N. H. Pollination; eleetri- 


co in relation to growth and keeping qualities of fruits, 
Lauritzen, John I. . 4, Plant Industry Sta., Beltsville, Md. Storage. 
Lan — ing © Botany, Univ. of Manitoba, Winnepeg, Manitoba. General 


plant respiration. 
von bithelogist US.D.A., Univ. Sta., Baton Rouge 3, La. Irish potato breed- 
a pe? pdm 

LeCompte, Stuart B., ‘Jr., Asst. Plant Physiologist, Connecticut Agrie, Expt, Sta., 128 
Bloomfield Ave., Windsor, Conn. Plant pigments; soil conditions. 

Leng, Herta, Physics Dept., Rensselaer Polytechnic Inst., Troy, N. Y. Metabolism; radio- 
active elements as tracers. 

Leonard, O. A., Assoc. Plant Physiologist, Mississippi Expt. Sta., State College, Miss. 
Soil aeration. 

Leone, Ida A., Research Asst., N. J. Agric. Expt. Sta., Rutgers Univ., 568 Walnut St., 
Elizabeth, N. J. Plant nutrition. 

Leonian, Leon H., Prof. of Mycology, West Virginia Univ., Morgantown, W. Va. Nutri- 
tion of micro-organisms. 

Levitt, Jacob, Asst. Prof. of Botany, Univ. of Missouri, Columbia, Mo. Cell physiology ; 
frost resistance ; seed pretreatments. 

Lewis, James C., Assoc. iochemist, Western Regional Research Laboratory, Albany, 
Calif. Minor elements ; vitamins; microbiological assay methods. 

Lindner, Robert C., Asst. Physiologist, U.8.D.A., Box 99, Wenatchee, Wash. Nutrition; 
growth. 

Linford, Maurice B., Plant Pathologist, Pineapple Research Institute, P.O. Box 3166, 
Honolulu 2, Hawaii. 

Lipman, Charles B., Prof. Plant Physiology and Dean of the Graduate School, Univ. 
Calif., Berkeley, Calif. Mineral metabolsim of higher plants; nitrogen fixation; 
bacterial physiology. 

Livingston, Burton E., Emeritus Professor of Plant Physiology, Johns Hopkins Univer- 
sity, Ridgewood, Md. Plant water relations; mineral nutrition; temperature rela- 
tions. (Charles Reid Barnes Life Membership Award, 1926; Patron.) 

Lloyd, Francis E., Prof. Emer., McGill Univ., Box 842, Carmel, Calif. Stomata; rubber. 
(Charles Reid Barnes Life Membership Award, 1927.) 

Lodder, William B., Chemist, P.O. Box 2, Painesville, Ohio. Plant nutrition and fertil- 
izer chemistry. 

Loehwing, Walter F., Professor and Head of Botany, State Univ. of Iowa, Iowa City, 
Iowa. Physiology; nutrition; and sex. (Patron.) 

Long, David D., Chief, Feed and Fertilizer Research, International Minerals and Chemi- 
eal Corp., 20 N. Wacker Drive, Chicago 6, Ill. Plant nutrition. 

Long, Frances L., Ecological Investigator, Carnegie Inst. of Washington, 3111 Argonne 
Cirele, Santa Barbara, Calif. Photosynthesis; stomata; pollination. 

Longnecker, Mayne, Assoc. Prof. Biology, Southern Methodist Univ., Dallas, Texas. 
General physiology. 

Loomis, Walter E., Prof. of Plant Physiology, lowa State College, Ames, Iowa. Photo- 
synthesis ; growth ; physiology of maize. 

Lorenz, Osear A., Instructor in Truck Crops, Univ. of California, Davis, Calif. Plant 
nutrition; vegetable fertilization. 

Lorenz, Ralph W., Asst. Chief in Forestry, Dept. of Forestry, Univ. of Illinois, Urbana, 
Ill. Sylvies; lethal high temperature. 

Lund, E. J., Prof. Physiology, Univ. of Texas, Austin, Texas. Bioeleectrie potential; 

rowth. 

Lata B. F., Vermont Agric. Expt. Sta., 111 N. Prospect St., Burlington, Vt. 


Lutz, Jacob M., Assoc. Physiologist, U.S.D.A., Meridian, Miss. Handling, transportation, ~ 


and storage of fruits and vegetables. 

Luyet, B. J., Prof. of Botany, School of Medicine, St. Louis Univ., St. Louis, Mo. Latent 
life at low temperature and in the dry state; biophysics. 

Lyon, C. B., Hawaiian Pineapple Co., Honolulu, Hawaii. Mineral nutrition. 

Lyon, Charles J., Prof. of Botany, Dartmouth College, Hanover, N. H. Osmotic relations; 
physiological control of growth rate in trees; teaching methods. 


MacDougal, Daniel T., R.F.D. 170, Carmel, Calif. Growth; general. (Charles Reid 
Barnes Life Membership Award, 1936.) 

MacGillivray, John H., Asst. Prof. Truck Crops and Assoc. Olericulturist, Davis, Calif. 
Physiology of truck crops. 

Machlis, Leonard, Guayule Emergency Rubber Project, P.O. Box 1708, ¢/o Paul Smith, 
Salinas, Calif. 

Macht, David I., Dir. Pharmacological Res. Lab., Hynson, Westcott and Dunning; 3420 
Auchentotoly Terrace, Baltimore 17, Md. Phytopharmacology or effects of drugs on 
plants. 
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Mack, Warren B., Head, Dept. of Hort., Penn. State College, State College, Pa. Nutri- 
tion of vegetable crops. 

Mackie, W. W., Agronomist Emeritus, Univ. of Calif., 2652 Shasta Rd., Berkeley, Calif. 
Plant breeding; fertilization and new crops | Mung, Matai, Sesame, Okra (oil).] 

, Gordon, Asst. Prof. of Fruit Technology, Univ. of California, Berkeley 4, 
Calif. Plant pigments. 

MaeMasters, Majel M., Chemist, Northern Regional Research Lab., U.S.D.A., Peoria 5, Ill. 
Starch formation in plants; starch granule structure. 

Macey, Paul, Assoc. Chemist, Picatinny Arsenal, Dover, N. J. 

Mader, E. O., Pittsford, New York. Physiology of rubber-producing plants. 

Madson, B, A., Prof. Agronomy, Univ. Farm, Davis, Calif. Carbohydrate and protein 
nutrition of plants. 

Magistad, Oscar C., Director, U. 8. Regional Salinity Lab., U. 8. D. A., Box 672, River- 
side, Calif. Alkali soils; soil moisture; tropical soils and crops; crop tolerance to 
salinity. 

Magness, J. R., Head Horticulturist, in charge of Div. Fruits and Veg. Crops and Diseases, 
Plant Industry Sta., Beltsville, Md. Physiology of growth and storage. 

Mahoney, C. H., Head, Dept. of Horticulture, Univ. of Maryland, College Park, Md. 
Nutrition of hort. crops. : 

Maki, T. Ewald, Senior Forester, Beltsville Forest Lab., R.F.D. 2, Laurel, Md. Tree 
physiology; forest soils and tree growth, 

Malan, P. F., Professional Officer, Dept. of Agric. and Forestry, Union Government, P.O. 
Box 70, Nelspruit, E, Transvaal, Union of South Africa. 

Mandels, Gabriel R., 1st Lt. A. C., U. 8. Army, 5th Photo Intelligence Detachment, Mitchel 
Field, N. Y. Photosynthesis; mineral nutrition. 

Marsh, Gordon, Asst. Prof. of Zoology, State Univ. of Iowa, Iowa City, Iowa. Bio- 
electricity and metabolism. 

Marshall, J. B., Jr., Res. Biologist, Div. of Biology and Agric., Nat’! Res. Council, Ottawa, 
Can. Growth studies under controlled environmental conditions. 

Martin, Emmett, 154 Kentucky Ave., Oakridge, Tenn. Ecology and (plant) physiology 
of adaptation. 

Marvin, James W., Asst. Prof., Univ. of Vermont, Burlington, Vt. Cellular physiology; 
morphogenesis. 

Mason, Thomas Godfrey, Head Physiologist, Agric. Expt. Sta., Rio Piedras, Puerto Rico. 
Hydration. 

Massey, L. M., Prof. of Plant Pathology and Head, Dept. of Plant Pathology, New York 
State College of Agriculture at Cornell Univ., Ithaca, N. Y. Pathology. 

Maximov, Prof. Dr. N. A., Academy of Sciences, Bolchaia Kalushskoja 13, KV 16, Moskva, 
U.S.8.R. Water relations; drought and frost resistance; plant development. (Cor- 
responding Member, 1935.) 

Maynard, Sister Mary Thoma, O.P., Faculty member of Biology Department, Barry 
College, Miami 38, Florida. Plant pigments and growth of plant cells. 

McAllister, Frederick, Prof. of Botany, Univ. of Texas, Austin, Texas. 

McCall, Max Adams, Asst. Chief, Bureau of Plant Industry, Soils, and Agricultural Engi- 
neering, U.S.D.A., Plant Industry Sta., Beltsville, Md. Phasiec development and 
developmental anatomy. 

MeComb, A. L., Research Forester, Cinchona Mission, B.E.W., Calle 6F—No. 16-32. 
Bogota, Colombia. 

McDermott, J. Joseph, Assoc. Biochemist, O.F.A.R., U.S.D.A., Washington, 25, D. C. 
Plant biochemistry and physiology. 

McGeorge, W. T., Agric. Chemist, Univ. of Arizona, Tucson, Ariz. Soils and plant nu- 
trition. 

McGinnies, W. G., Chief, Div. of Surveys and Operational Investigations, Rocky Mt. 
Forest and Range Expt. Sta., Fort Collins, Colo. 

McInteer, B. B., Assoc. Prof. of Botany, Univ. of Kentucky, Lexington, Ky. Physiology 
and ecology of mistletoe and algae. 

McKee, Mary C., Prof. Chemistry, Connecticut College, New London, Conn. Organic and 
biochemistry. 

McKinney, H. H., Senior Pathologist, U. 8. Bureau of Plant Industry, Beltsville, Md. 
Viruses and virus diseases. 

MeLarty, H. R., Officer-in-charge, Dominion Laboratory of Plant Pathology, Summerland, 
B. C. Physiological disorders of tree fruits. 

McLean, R. C., Prof. of Botany, Univ. College, Newport Rd., Cardiff, Wales. 

MeMurtrey, James E., Jr., Senior Physiologist, Tobacco Invest. B.P.I.S.A.E., U.S.D.A., 
Beltsville, Md. Mineral nutrition; growth; development of tobacco. 

Mehrlich, F. P., Asst. Vice President, Director of Research, Hawaiian Pineapple Co., 
Ltd., Honolulu, Hawaii. Subtropical horticulture and food processing. 
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Meier, ap * A., Head, Dept. of Forest Botany and Pathology, New York State Col- 
lege of , Syracuse Univ., Syracuse 10, N. Y. Mineral nutrients; character- 
istics Py 3 algae water pollution. 

Meredith, Cli ey Plant Pathologist, Glenleigh Labs., Highgate P.O., Jamaica, B.W.I. 
Antagonism of actinomycetes to Fusarium oxysporum cubense. 

Mes, Margaretha Gerarda, Sr., Lecturer in Botany, Univ. of Pretoria, Pretoria, 8. Africa. 
Photosynthesis ; transpiration and water-relations; influence of toxins secreted by 

i wth 


~~ on > 

Meyer, —aak Prof. of Botany, Ohio State Univ., Columbus 10, Ohio. Plant physi- 
ol and ecology. 

Miller, Edwin C., Prof. of Plant Physiology, Kansas State College; Plant Physiologist, 
Kansas Agric. Expt. Sta., Botany Dept., K.S.C., Manhattan, Kan. Water relations; 
chemistry; history of corn. 

Miller, Erston V., Physiologist, Bur. of Plant Ind., U.8.D.A., 415 N. Parramore 8t., Or- 
lando, Fla. Biochemistry of fruits and vegetables in storage and transportation; 
plant pigments. 

Miller, Lawrence P., Biochemist, Boyce Thompson Institute, 1086 North Broadway, 
Yonkers, N. Y. Plant chemistry; glycosides. 

Mitchell, H. L., Sr., Silviculturist in Charge, Lake City Branch, Southern Forest Expt. 
Sta., U. S. Forest Service, Lake City, Fla. Tree physiology; nutrition; light; vege- 
tative propagation. 

Moinat, Arthur D., Asst. Prof. in Botany, Colorado State College Branch, Hesperus, Colo. 
Water relations; plant nutrition. 

Montermoso, Juan C., Asst. Rubber Technologist, Rubber Laboratory, U. 8. Navy Yard, 
Mare Island, Calif.; 530 Santa Clara St., Vallejo, Calif. Transpiration; properties 
of various kinds of synthetic rubber. 

Moore, Dwight M., Prof. of Botany, Univ. of Arkansas, Fayetteville, Ark. 

Moreland, C. F., Dept. of Botany, University of La., Baton Rouge, La. : 

Morris, H. E., Head, Dept. Botany and Bacteriology, Montana State College, Bozeman, 
Mont. Mineral deficiencies in relation to plant diseases. 

Morris, Leonard L., Instructor in Truck Crops, Junior Olericulturist, Expt. Sta., Division 
of Truck Crops, Davis, Calif. Physiology of vegetables during storage and transit. 

Morrison, Catherine A., Plant Physiologist, Biochem. Res. Lab., Dow Chem. Co., Midland, 
Mich. Plant hormones ; growth and mineral nutrition. 

Muenscher, W. C., Prof. Botany, Cornell Univ., Ithaca, N. Y. Germination and dormancy 
of seeds ; weed control methods. 

Mullison, Wendell R., t. of Biology, Purdue Univ., Lafayette, Ind. 

Murneek, A. E., Prof. Horticulture, Univ. of Missouri, Columbia, Mo. Reproduction; 
photoperiodism ; correlation; hormones. 

Murphy, John B., Instructor, De Paul Univ., 1010 Webster Ave., Chicago, Il. Anatomy; 
morphology; physiology. 

Musser, A. M., Horticulturist, S. C. Agric. Expt. Sta., Clemson College, Clemson, 8. C. 
Peach stocks. 

Myers, Jack, Dept. of Zoology, Univ. of Texas, Austin, Texas. Photosynthesis; plant 
pigments; physiology of chlorella. 


Naylor, Aubrey Willard, Instructor in Botany, Univ. of Chicago, Chicago, Il WNutri- 
tion; hormones; vitamins; photoperiodism. 

Nelson, Clarence H., State Teachers College, Oswego, N. Y. 

Nelson, H. C., 8329 Wabash Ave., Grand Crossing Sta., Chieago, Il. 

Nemec, Prof. B., Praha II, Benatska 433, Zivnostenska Bauka, Czechoslovakia. (Corre- 
sponding Member, 1935.) 


Nightingale, G. T., Physiologist, Hawaiian Pineapple Co., Honolulu 1, T. H. Plant 


nutrition in relation to environment. 

Noecker, Norbert L., Asst. Prof. of Biology, Univ. of Notre Dame, Box. 126, Notre Dame; 
125 E. Cripe St., South Bend, Ind. Physiology of the fungi; vitamins; enzymes. 

Noggle, Glenn Ray, Research Asst. in Plant Physiology, Univ. of Illinois, Dept. of Botany, 
Univ. of Illinois, Urbana, Ill. Biochemistry of cereal grasses; vitamin functions in 
plant metabolism. 

Norman, A. G., Prof. of Soils, Iowa State College, Ames, Iowa. Biochemistry of cell wall 
constituents of plants; soil microbiology. 

Northen, Henry T., Assoc. Prof. of Botany, Univ. of Wyoming, Engineering Bldg., Univ. 
of Wyoming, Laramie, Wyo. Relationship between protoplasmic alterations and 
physiological processes. 

Nutile, G. E., Chief Seed Analyst, Associate Seed Growers, 205 Church St., New Haven 2, 
Conn. Vitality of seeds and seed testing. 

Nylund, Robert E., Instructor in Horticulture, Univ. of Minnesota, Univ. Farm, St. Paul 
8, Minn. Plant nutrition. 


Olmsted, Charles E., Asst. Prof. of Botany, Dept. of Botany, Univ. of Chicago, Chicago 37, 
Ti. Ecology and physiology of range grasses. 


a 
















































Jy ene 




























DIRECTORY OF MEMBERS 25 


Oserkowsky, Jacob, Univ. of Calif., 110 Hilgard Hall; 2420 Virginia St., Berkeley 4, 
Calif. Growth; chlorosis. 

Osterhout, W. J. is Rockefeller Medical Foundation, 66th St. and York Ave., New York, 
N. Y. Permeabili (Charles Reid Barnes Life Membership Award, 1939.) 

Ostrom, Car! E., Assoc. ysiologist, Southern Forest Expt. Sta., Box 92, Lake City, Fla. 
Tree < ap ; nut ; growth; hardiness. 

Overeash, J. sst. Horticulturist, Univ. of Tennessee, West Tennessee Expt. Sta., 
J ackson, Tena. Strawberry breeding and inheritance. 

Overhalser, Earle L., Chairman, Div. of Hort.; Head, Dept. of Hort.; Prof. of Hort., 
State College of Washington, Agric. Expt. ’Sta., Pullman, Wash. Response of fruit 

lants to fertilizers. 

Overley, Fred L., Agric. Expt. Sta., Wenatchee, Wash. 

Owen, F. V., Geneticist, U.S.D.A., 1810 S. Main St., Salt Lake City, Utah. 

Owens, J. S., Prof. Agronomy, Univ. of Conn., Storrs, Conn. Tobacco curing; preserva- 

tion of forage crops. 


Paddick, Morris E., Room 4324, Bur. of Ordnance, 
and nutrition. 

Palmer, E. F., Hort. Expt. Sta., Vineland Sta., Ontario, Can. 

Palmquist, E. M., Assoc, Prof. Botany, Lefevre Hall, Univ. of Missouri, Columbia, Mo. 
Translocation. 

Parker, M. W., Physiologist, U.S.D.A., Bur. of Plant Industry, Soils, and Agric. Engi- 
neering, Beltsville, Md. Photoperiodism ; biochemistry. 

Patterson, Cecil F., Prof. of Horticulture, Univ. of Saskatchewan, Saskatoon, Sask., Can- 
ada. Germination ; growth. 

Pearse, H. L., Chief Plant Physiologist, Western Prov. Fruit Res. Sta., Stellenbosch, C. P., 
8. Africa. Nutrition and physiology of fruit trees; respiration; plant hormones. 
Pierce, George J., Prof. Emeritus, Botany and Plant Physiology, Stanford Univ., 281 
Embarcadero Rd., Palo Alto, Calif. Smoke and cement dust injury; ascent of sap. 

(Charles Reir Barnes Life Membership Award, 1929.) 

Pentzer, Wilbur T., Plant Physiologist, U.S.D.A., Rt. 3, Box 307, Fresno, Calif. Storage, 
transportation, fruits and vegetables. 

Pepkowitz, Leonard Paul, Asst. Chemist, Rhode Island Agric. Expt. Sta., Kingston, 
R. I. Plant chemistry and metabolism. 

Peters, Charles A., Prof. of Inorganic and Soil Chemistry, Mass. State College; Goese- 
mann Laboratory, Amherst, Mass. Analytical chemistry; iron and manganese in soil 
and plants. 

Phillips, Thomas G., Prof. Agric. and Biol. Chemistry in the Expt. Sta., Univ. of N. H., 
Durham, N. H. Physiological chemistry. 

Pierre, W. H., Research Prof. and Head, Dept. of Agronomy, Iowa State College, Ames, 
Iowa. Soil fertility; plant nutrition. 

Platenius, Hans, Assoc. Prof., Cornell Univ., Ithaca, N. Y. Plant chemistry; respiration. 

Player, Mary Anne, Graduate Assistant, Botany Dept., Northwestern Univ., Evanston, Il. 

Popp, H. W., Prof of Botany, Pennsylvania State College, State College, Pa. 

Porter, C. L., 924 N. Main St., Lafayette, Ind. Physiology of the fungi. 

Post, F. A., Asst. Agronomist, Soil Conservation Service Expt. Sta., R.F.D. #3, Zanes- 
ville, Ohio. Water relationships of plants. 

Potter, George F., Principal Physiologist, U. S. Field Laboratory for Tung Investigations, 
P.O. Box #812, Bogalusa, La. Physiology of tung. 

Powers, W. L., Dept. of Soils, Oregon Agric. College, Corvallis, Ore.; Consultant, Minis- 
terio de Obras Publicas Direccion de Obras de Riego, Caracas, Venezuela. 

Pratt, Dudley James, Prof., Dept. of Biology, Agric. and Mechanical College of Texas 
(on leave of absence, 1943-1944), 118 Taylor St., Topeka, Kan. Plant physiology. 

Pratt, Harlan K., Research Asst. in Biology, Div. of Biology, California Institute of 
Technology, Pasadena 4, Calif. Fruit physiology and storage; nutrition of fungi. 

Pratt, Robertson, Asst. Prof. of Pharmocognosy and Plant Physiology, Univ. of Calif. 
College of Pharmacy, The Medical Center, San Francisco 22, Calif. Growth; medic- 
inal plants. 

Prianischnikov, D. N., Academy of Sciences, Ivanovskaja 23, K.V.I., Moskva 8, U.8.S.R. 

Pucher, George W., Research Assoc. in Biochemistry, Conn. Agric. Expt. Sta., New 
Haven, Conn. Organic acids; nitrogen metabolism. 

Pulling, Howard E., Prof. Botany, Wellesley College, Wellesley, Mass. Plant physiology. 

Pultz, Leon M., Prof. and Head of Botany and Range Ecology, Botanist, Arizona Agric. 

Expt. Sta., Univ. of Arizona, Tucson, Ariz. Mineral nutrition; carbohydrate 

metabolism. 





Navy Dept., Washigton, D. C. Growth 


Rabideau, Glenn Sylvester, Assoc. Scientist, Univ. of Minnesota, Minneapolis, Minn. 
Photosynthesis; isotope tractor work. 
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M. A., Prof. Botany, Howard Univ.; 7204 7th St., N.W., Washi 12, D. C. 
’ ; , and bation. 7 ” ashington ? 
George J., Dept. of Vegetable Crops, Cornell Univ., Ithaca, N. Y. Seeds; plant 

nutrients. 

8. M., 8.C.S. Nursery, Big Flats, N. Y. Plant nutrition. 

oward 8., Prof. of Plant Physiology, Div. of Plant Nutrition, Univ. of California, 
4, Calif. Growth; nutrition; pre-Colombian botany. 

°, Eldrow, Soil Chemist, Grocery Products Mfg. Corp., West Chester, Pa. Nutrition; 

Mary E., National Institute of Health, Bethesda, Md. Mineral nutrition; vitamins; 


lant _— 
r, Walter, Horticulturist, U.S.D.A., U. 8. Date Garden, Indio, Calif. Mineral 

nutrition; water relations; photosynthesis. 

Richards, F. J., Rothamsted Expt. Sta., Harpenden, Herts, England. Mineral nutrition. 

Richey, Frederick D., Principal Agronomist, U.S.D.A., Agric. Expt. Sta., Knoxville, Tenn. 
Genetics; breeding; physiology of corn. 

Rigg, George B., Prof. of Botany and member of staff in Oceanography, Univ. of Wash- 
ington, Seattle, Wash. Physiology of marine plants; physiology of plants of sphag- 
num 


bogs. 

Robbins, W. Rei, Assoc. Plant Physiologist, Assoc. Prof. Plant Physiology, N. J. > 
Expt. Sta. and Rutgers Univ., New Jersey Agric. Expt. Sta., 48 Cleveland Ave., 
New Brunswick, N. J. Inorganic nutrition; carbohydrate and nitrogenous con- 
stituents of plants. 

Roberts, Edith A., Chairman, Dept. of Plant Science, Vassar College, Poughkeepsie, N. Y. 
Structure of chloroplasts, carotin ‘‘crystals,’’ cellulose ‘‘partieles’’ and colloidal 


fy 


: 


PE? 


carbon. 

Roberts, John W., Principal Pathologist, Bureau of Plant Industry Sta., Beltsville, Md. 

Dinsiane oft Seathaioes t0iastonee, pStens: 

Roberts, R(ay) H(arland), Prof. of Horticulture, Univ. of Wiseonsin, Madison 6, Wis. 
Blossoming ; fruit set. 

Rohrbaugh, Lawrence M., Asst. Prof. of Plant Sciences, Univ. of Oklahoma, Norman, Okla. 
Effects of light on growth; photoperiodism; mineral nutrition. 

Rohrbaugh, P. W., Plant Physiologist, California Fruit Growers Exchange, 616 East Grove 
St., Ontario, Calif. Citrus physiology. 

Rosene, Hilda F., Assoc. Prof. of Physiology, Univ. of Texas, Austin 12, Texas. Bio- 
physies; general physiology of plants. 

Runyon, Ernest H., Assoc. Prof Botany, Agnes Seott College, Decatur, Ga. Water rela- 
tions; organization in Dictyostelium. 

Russell, Sir E. John, Rothamsted Expt. Sta., Harpenden, England. Soil conditions and 
plant development. (Corresponding Member, 1938.) 

Rygg, George L., Assoc. Physiologist, U.S.D.A., U. 8. Horticultural Field Laboratory, 
P.O. Box 700, 733 W. Orange Grove Ave., Pomona, Calif. Physiology of date fruit; 
transportation and storage. 


Sachs, Ward H., E. I. duPont de Nemours & Co., Belmont Apt. 6, Park Place, Wilmington, 
Del. Fertilizers; nutrition. 

Sackston, Waldemar E., Agric. Asst., Dominion Laboratory of Plant Pathology, ¢/o Univ. 
of Manitoba, Winnipeg, Man., Canada. Physiology of parasitism; water relations. 

Saeger, Albert C., Chairman, Dept. of Biology, Junior College of Kansas City, Kansas 
City 2, Missouri. Physiology of yeasts and molds. 

Said, Hussein, Faculty of Science, Fouad I University, Cairo, Egypt. 

Salmon, S. C., Div. of Cereal Crops, Plant Indus. Sta., Beltsville, Md. Agronomy. 

Sampson, Arthur W., Prof. of Forestry, Univ. of Calif., 231 Ciannini Halli, Berkeley, 
Calif. Plant growth. 


Sampson, Homer C., Prof. of Botany, Ohio State Univ., Columbus, Ohio. Physiology . 


ecology. 

Sayre, ane D., Physiologist, Div. of Cereal Crops and Diseases, Ohio Agrie. Expt. Sta., 
Wooster, Ohio. Stomata; physiology of corn. 

Searth, George W., Macdonald Prof. of Botany, MeGill Univ., Montreal, Camada. Physi- 
ology and its application. (Charles Reid Barnes Life Membership Award, 1944.) 

Schlenker, Frank S., Ist Lt., San. Corps, A.U.S., Kingston, R. L. 

Schopfer, William Henry, Institut Botanique, Berne, Switzerland. Sex of fungi; nutri- 
tion; vitamins. 

Schopmeyer, Clifford S., Olustee Experimental Forest, Box 411, Lake City, Fla. Water 
relations; reforestation; vegetative propagation of pines. 

Schrader, Albert Lee, Prof. of Pomology, Univ. of Maryland, College Park, Md. 

Schrank, A. R., Asst. Prof. of Physiology, Univ. of Texas, Austin 12, Texas. Bioelectries; 
plant curvature. 
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Schultz, Orville C., Assoc. Prof. Botany, Okla. A. & M. College, Stillwater, Okla. Physi- 


Schuster, C. E., Hort. Div., Oregon State College, Corvallis, Ore. 

Scofield, Herbert T., Asst. Prof., Ohio State Univ. (on leave, Naval Officer), Dept. of 
Botany, Ohio State Univ., Columbus, Ohio. Nutrition; light relations; ecology. 
Seott, Dorothy L., Graduate Fellow, Dept. of Biology, Purdue University, Lafayette, Ind. 

Mineral nutrition. 

Scott, Leland E., Assoc. Prof., Dept. of Horticulture, Univ. of Maryland, College Park, 
Md. Horticultural crops; mineral nutrition. 

Seifriz, William, Prof. Botany, Univ. of Penna., Philadelphia, Pa. Protoplasm. 

Sell, Harold M., Assoc. Chemist, U.S.D.A., P.O. Box 2817, Union Station, Gainesville, Fla. 
Plant biochemistry. 

Severin, Charles F. (Brother H. Charles, F.8.C.), Head of Biology Dept., St. Mary’s Col- 
lege, Winona, Minn. Structure of plants. 

Severy, J. W., Chairman, Div. of Biology, State Univ., Missoula, Mont. Plant physiol- 
ogy; ae = flora of Montana. 

Shantz, Homer LeRoy, Chief, Div. of Wild Life Management, Forest Service, U.S.D.A. 
(Retired) ; 190 Miradero Lane, Santa Barbara, Calif. Plant physiology; plant ecol- 
ogy; plant geography; wildlife management; African agriculture; conservation. 
(Charles Reid Barnes Life Membership Award, 1937.) 

Shaw, Seth T., Farm Market Relations, Inc., Continental Bank Bldg., Salt Lake City, 
Utah, 

Shear, G. M., Assoc. Plant Physiologist, Va. Agric. Expt. Sta., Blacksburg, Va. Nutri- 
tional diseases; effects of pH on growth. 

Shirley, Hardy L., Director, Allegheny Forest Expt. Sta., 622 Bankers Sec. Bldg., Phila- 
delphia 7, Pa. Forest Research; drought resistance; light and growth. 

Shive, John W., Prof. of Plant Physiology, Rutgers; Plant Physiologist, N. J. Agrie. 
Expt. Sta., Rutgers Univ., New Brunskick, N. J. Plant nutrition. (Stephen Hales 
Prize Award, 1938.) 

Shull, Charles A., Prof. Plant Physiology, Univ. of Chicago (Retired), 42 Oakwood, Ashe- 
ville, N.C. Plant physiology. (Charles Reid Barnes Life Membership Award, 1929; 
Stephen Hales Prize Award, 1934; Patron.) 

Shull, George H., Emer. Prof. Botany and Genetics, 60 Jefferson Rd., Princeton, N. J. 
Geography ; species hybridization; physiological actions and reactions of genes. 

Sideris, Christos P., Univ. of Hawaii, Honolulu, T. H. 

Siems, H. B., Chief Chemist, Swift and Co., Fertilizer Works, Union Stock Yards, Chi- 
eago 9, Ill. Plant nutrition. 

Sinelair, Walton B., Asst. Plant Physiologist, Univ. of California Citrus Expt. Sta., River- 
side, Calif. Plant biochemistry. 

Sitton, Benjamin G., Assoc. Pomologist, U.S.D.A., P.O. Box 812, Bogalusa, La. Mineral 
nutrition of the Tung. 

Skirm, George W., 14 Harkness Drive, Milford, Conn. Inorganic nutrition. 

Skok, John, Asst. Chief in Vegetable Crops, Univ. of Illinois, Dept. of Horticulture, U. of 
Ill., Urbana, Ill. Plant nutrition; physiology of vegetable crop plants. 

Skoog, Folke, Dept. of Botany, Johns Hopkins Univ., Baltimore, Md. Growth of plants. 

Small, J., Prof., Dept. of Botany, Queen’s Univ., Belfast, Northern Ireland. General. 

Small, John A (livin), Assoc. Prof. of Botany, New Jersey College for Women, New Bruns- 
wick, N. J. 

Smith, C. L., Physiologist, U.S.D.A., Box 589, Brownwood, Texas. Physiology and bio- 
chemistry of the pecan. 

Smith, Grant N., 233 W. Patterson Ave., Ogden, Utah. 

Smith, James H. C., Staff Member, Carnegie Institution of Washington, Stanford Univ., 
Calif. Photosynthesis. 

Smith, John Blackmer, Prof. of Agric. Chemistry, Rhode Island State College, Kingston, 
R. I. Soils, plant nutrition. 

Smith, Malcolm E., Organic Chemistry Dept., Univ. of Melbourne, Melbourne, Australia. 
Mineral nutrition, especially the function of boron in the plant. 

Snow, Albert G., Jr., Assoc. Physiologist, Southern Forest Expt. Sta., P.O. Box 590, Lake 
City Branch, Lake City, Fla. Naval stores; tree physiology; forest genetics. 

Sokoloff, V. P., 4328 Windom Place, N.W., Washington 16, D. C. Reaction of roots to 
various forms of nitrogen. 

Somers, G. Fred, U. 8. Nutrition Lab., Tower Rd., Ithaca, N. Y. Carbohydrate metabo- 
lism and nitrogen metabolism in higher plants. 

Sommer, Anna L., Assoc. Soil Chemist, Assoc. Prof. Plant Nutrition, Alabama Polytechnic 
Institute, Auburn, Alabama. Inorganic nutrition of plants; soil fertilizer. 

Spencer, Ernest L., Soil Chemist, Vegetable Crops Laboratory, Agric. Expt. Sta., Braden- 
ton, Fla. Plant nutrition and biochemistry. 
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Spare, Gop By po Director of Scientific Research and Education, Institution Divi 

mae, 1840 Madison Road, Cincinnati, Ohio. Cancer research, 

Spessard, E. A., Hendrix College, Conway, Ark. 

Spoehr, Herman A., Chairman, Div. of Plant Biology, Carnegie Instn. of Washington, 

Instn., Stanford Univ., Calif. Photosynthesis. (Charles Reid Barnes Life 
Membership Award; 1928; Patron.) 

Sponsler, O. L., Prof. Botany, Univ. of California, 405 Hilgard Ave., Los Angeles, Calif. 
Structure of proteins. (Charles Reid Barnes Life Membership Award, 1942.) 

Sp , G. F.. Senior Agronomist, U.S.D.A., Farm Crops Subsection, 324 Agricultural 

Fial, Iowa State College, Ames, Iowa. Physiology of corn. 
ae Howard B., Agronomist, Prof. Agronomy, Rutgers Univ., New Brunskick, N. J. 
logy of field crops; chlorophyll inheritance; breeding crop plants; grassland 
culture. 

Sprague, Vance G., Agronomist, U. 8. Regional Pasture Research Laboratory, State Col- 
lege, Pennsylvania. Temperature and light responses; pasture management and 
reserves. 

Stahl, Arthur L., Assoe. Hort. Agric. Expt. Sta., Univ. of Fla., Gainesville, Fla. Preser- 
vation of foods; plant nutrition; composition of foodstuff. 

Stanfield, J. Fisher, Prof. and Head, Dept. of Botany and Bacteriology, Miami Univ., 
Oxford, Ohio. Physiology of sex; teaching methods. 

Stark, Arvil L., Ext. Hort., 2225 S. Fifth East, Salt Lake City 5, Utah. 

Steinbauer, C(larence) E(mil), Plant Physiologist, Bur. of Plant Industry, U.S.D.A., 
Bureau of Plant Industry Sta., Beltsville, Md. Rest period; dormancy; horticulture. 

Steinbauer, George P., Assoc. Prof. of Botany and Assoc. Plant Physiologist, Univ. of 
Maine, Orono, Maine. Dormancy; physiology of seed germination. 

Steinberg, Robert A., Assoc. Plant Physiologist, U.S.D.A., B.P.I. Station, Tobacco Investi- 
gations, Beltsville, Md. Plant nutrition. 

Steinmetz, F. H., Prof. of Botany and Head of the Dept. of Botany and Entomology, 
Univ. of Maine, Orono, Maine. Winter hardiness. 

Steward, F. C., Dept. of Botany, Birkbeck College, Univ. of London, London, England. 
General physiology; biochemistry. 

Steyaert, Rene L., Chief, Division of Plant Pathology, Institut National pour 1]’etude 
Agrononique du Congo Belge, Bambesa, District de l’uele, Congo Belge, Africa. 
Plant pathology and physiology of diseased plants. 

Stier, Howard L., 101 Barron St., Takoma Park, Md. 

Stirling, James, Lecturer, Dept. of Botany, The University, Liverpool, England. Growth. 

Stocking, C. Ralph, Control and Research Chemist, Puccinelli Packing Co., 824 Park St., 
Turlock, Calif. Plant water relations. 

Stoldt, Elnore, 759 8. Church Street, Jacksonville, Il. 

Stoller, B. B., Dept. of Botany, Univ. of Wisconsin, Madison, Wis. Physiology of the 
mushroom. 

Stor, Paul W.,-Science Dept., Concordia College, 1622 Thomas St., St. Paul, Minn. 

Stoutemeyer, V. T., Assoc. Horticulturist, U. S. Plant Introduction Garden, Glenn Dale, 
Md. Plant propagation; growth substances. 

Strausbaugh, P. D., Prof. Botany, W. Va. Univ., Morgantown, W. Va. Dormancy of 
seeds, buds; phytohormones; winter hardiness. 

Street, Orman E., Agronomist, U.S.D.A., R.D. #3, Lancaster, Pa. Seedbed and field cul- 
ture, fertilization, curing and fermentation of cigar tobacco. 

Stuart, Neil W., Assoc. Physiologist, Bur. of Plant Industry Sta., Beltsville, Md. Physi- 
ology of floricultural crops. 

Stuckey, Irene, Asst. Plant Physiologist, R. I. Expt. Sta., Kingston, R. I. Pasture 
grasses. 

Sullivan, J. T., Physiologist, U. 8. Pasture Lab., State College, Pa. Biochemistry. 

Swanson, Carrol A., Botany Dept., Ohio State Univ., Columbus, Ohio. Transpiration; 
photosynthesis. 

Swingle, Charles F., Div. Mgr., War Hemp Industries, Inc., Milkweed Floss Div., Box 303, 
Petoskey, Mich. New crops; botany of Madagascar; propagation. 

Sylvain, Pierre G., Pan-American Fellow, Dept. of Botany, Iowa State College, Ames, 
Iowa. Hormones; growth correlations; photoperiodism. 


Tea Research Institute of Ceylon, Library, St. Coombs, Talawakelle, Ceylon. 

Teakle, Laurence John Hartley, Research Officer and Adviser in Plant Nutrition, Dept. 
of Agriculture, Perth, West Australia. Plant nutrition; soil science. 

Thimann, Kenneth V., Assoc. Prof. Plant Physiology, Harvard Univ., 14 Gray Gardens 
West, Cambridge, Mass. Growth; growth hormones; vegetative propagation; plant 
biochemistry ; metabolism of microorganisms. (Stephen Hales Prize Award, 1936.) 

Thoday, D., Prof. of Botany, Univ. College of North Wales, Memorial Buildings, Bangor, 
N. Wales, England. Plant physiology; developmental anatomy. 
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Thomas, Meirion, Dept. of Botany, King’s College, New Castle-on-Tyne 2, England. 
Chemical problems of plant physiology. 

Thomas, Roy C., Assoc. Plant Pathologist, Ohio Agric. Expt. Sta., Wooster, Ohio. Plant 

; bacterial diseases. 

Thomas, Walter, Prof. of Plant Nutrition, Pennsylvania State College, Dept. of Horti- 
culture, State College, Pa. Mineral nutrition of plants; leaf analysis as a guide in 
fertilizer practice and in soil management. (Charles Reid Barnes Life Membership 
Award, 1943; Patron.) 

— Homer C., Prof. of Vegetable Crops and Head of Dept., Cornell Univ., Ithaea, 

. Y. Eeological factors on growth of vegetable crop plants; nutrition of vegetable 
crops. 

Theme, Ross C., Horticulturist, B.P.I., U.S.D.A., Beltsville, Md. Physiology of seed 
dormancy ; nutrition of lettuce and related plants. 

Thone, Frank, Biology Editor, Science Service, 1719 N. St., N.W., Washington 6, D. C. 
Science popularization; water relations; atmometry. 

Thornton, 8. F., Direetor, Research and Farm Service Dept., F. 8. Royster Guano Co., 
Norfolk, Va. Fertilizers; plant nutrition; soil fertility. 

Thut, Hiram F., Assoc. Prof. of Botany, E. Ill. State Teachers College, Charleston, Ill. 
Teaching; transpiration; growth. 

Tiffany, L. Hanford, Prof. of Botany and Chairman Dept. of Botany, Northwestern Univ., 
Dept. of Botany, Northwestern Univ., Evanston, Ill. Physiology and ecology of 
algae; Oedogoniaceae. 

Ting, Sik-Vung, Horticulture Dept., Ohio State Univ., Columbus, Ohio. Growth-pro- 
moting substances. 

Toole, Eben H., Plant Industry Sta., Beltsville, Md. Seed germination; seed production; 
seed storage. 

Traub, Hamilton P., Principal Physiologist, Bur. of Plant Industry and Agric. Engineer- 
ing, U. 8S. D. A., Emergency Guayule Rubber Project, Box 1708, Salinas, Calif. 
Phytohormone research. 

Trelease, Sam F., Prof. Botany, Columbia Univ., New York, N. Y. Nutrition. 

Tufts, Warren P., Univ. of California, Prof. of Pomology, and Pomologist in the Expt. 
Sta., Davis, Calif. Pruning; pollination; climate in relation to fruit production; 
fruit morphology. 

Tukey, H. B., Chief in Research, N. Y. State Agric. Expt. Sta., Geneva, N. Y. Horti- 
culture; plant propagation; rootstocks; developmental morphology; embryo culture. 

Turrell, Franklin M., Asst. Plant Physiologist, Univ. of Calif., Citrus Expt. Sta., River- 
side, Calif. Physiology of citrus; physiological diseases; internal leaf surface; 
transpiration; sulfur injury; radioactive tracers. 

Twining, Frederick E., Owner Twining Laboratories, Fresno, Calif. P.O, Box 1472. 


Ulrich, Albert, Asst. Soil Chemist, Univ. of Calif., 3048 Life Sciences Bldg., Berkeley 4, 
Calif. Plant analysis as a diagnostic procedure for ascertaining nutrient deficiencies; 
organic acids. 

Ursprung, Alfred, Director Botanical Inst., Fribourg, Switzerland. (Corresponding Mem- 

ber, 1937.) 


Vannah, H. P., Director of Plant Research Dept., Calif. Central Fibre Corp., Pisgah 
Forest, N. C. (Attn. Miss Lucile Roberts.) Botany and culture of flax, 

Vandecaveye, S. C., Dept. of Agronomy, State College of Washington, Pullman, Wash. 

Van Horn, Clifton W., Asst. Hort., Univ. Expt. Sta., R. R. 1, Box 378, Yuma, Ariz. 
Physiology of fruiting in horticultural trees. 

Van Niel, C. B., Prof. of Microbiology, Hopkins Marine Station, Pacific Grove, Calif. 
General biochemistry. (Stephen Hales Prize Award, 1942.) 

Van Overbeek, J., Plant Physiologist, Institute of Tropical Agriculture, Mayaguez, Puerto 
Rico. Plant hormones. 

Vaughan, Edward K., Agric. Expt. Sta., Tifton, Ga. Physiology of pathogenic organ- 
isms; relation of plant nutrition to disease resistance. 

Veerhoff, Otto (Jr.), Horticultural Physiologist, N. C. State College, Raleigh, N. C. 
Mineral nutrition; germination. 

Veihmeyer, Frank J., Prof. of Irrigation, Univ. of Calif., Davis, Calif. Plant-soil-water 
relations. 

Verduin, Jacob, 437 North Franklin Ave., Ames, Iowa. 

Vickery, Hubert B., Biochemist in charge, Biochemical Laboratory, Conn. Agric. Expt. 
Sta., New Haven, Conn. Proteins; amino acids; nitrogen metabolism. (Stephen 
Hales Prize Award, 1932.) 

Viets, Frank G., Jr., Chemistry Dept., 8S. D. Agric. Exp. Sta., Brookings, 8. D. Plant- 

soil relations; mineral nutrition in relation to metabolism, 
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Viamis, James, 306 Almendra St., Los Gatos, Calif. Salt accumulation and respiration. 
Vogele, Dr. A. E., t. of Botany and Bacteriology, Miami University, Oxford, Ohio. 
Pigments ; physiology. 


Wadleigh, Cecil om Senior Chemist, U. 8. Regional Salinity Laboratory, Riverside, Calif. 
Wallace, Atwell M., Asst. Prof. of Biology, Anderson College, Anderson, Ind. Water 


Wallace, Melboure D., Horticulture Department, Brigham Young University, Provo, Utah. 

Wallace, Raymond H., Assoc. Prof. Botany, Univ. of Conn., Storrs, Conn. Physiology ; 
light and radiation. 

Walrath, E. K., Agronomist, Eastern States Farmers Exchange, 95 Elm St., West Spring- 
field, Mass. Nutrient relationships and fertilizers; nutrient deficiency symptoms. 
Wann, Frank B., Assoc. Prof. Botany, Utah Agric. College, Logan, Utah. Physiology of 

potato and tomato diseases; chlorosis. 

Warner, Robert M., Physiologist, Research Dept., Firestone Plantations Co., Monrovia, 
Liberia. 

Watson, Stanley A., Junior Chemist, Starch and Dextrose Division, Northern Regional 
Research Laboratory, U.S.D.A., 940 W. Virginia, Peoria, Ill. Chemistry of starch 
and other polysaccharides; vitamin and protein metabolism; plant nutrition. 

Waugh, John G., Assoc. in Physics, California Institute of Technology, Pasadena 4, Calif. 
Mathematical physics; ballistics; statistics. 

Weatherwax, Paul, Prof. of Botany, Indiana Univ, Bloomington, Ind. General morphol- 
ogy; developmental anatomy ; Gramineae ; Zea mays. 

Weaver, J. E., Prof. Ecology, Univ. of Nebr., Lincoln, Nebr. Plant-soil relations. 


Webber, Harold H., Assoc. Director of Research, National Council of America, Box 526, 
8.M.U., Dallas 5, Texas. Nucleo proteins; enzymology—glue action. 

Webster, James E., Assoc. Prof. Agric. Chem. Research, Oklahoma A. and M. College, 
Stillwater, Okla. Plant biochemistry. 

Weinmann, Hans, Lecturer, Dept. of Botany, Univ. of the Witratusrand, Johannesburg, 
South Africa. Plant nutrition; absorption; translocation; storage. 

Weintraub, Robert L., Assoc. Chemist, Div. of Radiation and Organisms, Smithsonian 
Institution, Washington 25, D. C. 

Weishaupt, Clara G., Jacksonville, Ala. Physiology. 

Welch, Walter B., Asst. Prof. of Botany, Southern Illinois Normal University, Carbon- 
dale, Ill. Healing of wounds. 

Welton, F. A., Assoc. in Agronomy, Ohio Agric. Expt. Sta., Wooster, Ohio. Turf grasses. 

Went, F. W., Prof. Plant Physiology, Calif. Inst. of Tech., Pasadena, Calif. Physiology 
of growth and tropisms; hormones. 

Werner, H. O., Prof. of Horticulture, Univ. of Nebraska, Lincoln, Nebr. Physiology of 
drouth and heat resistance; ascorbic acid content studies with potatoes; breeding of 
tomatoes and potatoes for western plains conditions. 

West, Cyril, Ditton Lab., East Malling, Maidstone, Kent, England. Seed germination; 
plant growth; se. of senescence. 

Wester, Robert E., Plant Industry Sta., Beltsville, Md. : 

Westgate, Philip J., Assoc. Horticulturist, Subtropical Expt. Sta., Univ. of Fla., Home- 
stead, Fla. Soils and truck crops. 

White, David G., U. 8. Expt. Sta., Mayaguez, Puerto Rico. 

White, Philip R., Assoc., Rockefeller Inst. for Medical Research (Dept. of Animal and 
Plant Pathology), Princeton, N. J. Tissue cultures; tissue physiology; plant tumors; 
water movement. (Stephen Hales Prize Award, 1940.) 

Whiteman, Thomas M., Asst. Horticulturist, U.S.D.A., Bur. of Plant Industry Sta., Belts- 
ville, Md. Respiration and physiological diseases of fruits and vegetables in storage. 

White-Stevens, Robert H., Research Instructor, Long Island Vegetable Research Farm, 
Riverhead, N. Y. Experimental design; plant nutrition and plant biochemistry. 

Whitmore, Robert A., Research Assoc., Dept. of Botany, Univ. of Chicago, 5630 Ingle- 
side Ave., Chicago, Ill. Plastid pigments; vitamins. 

Whyte, R. O., Deputy Dir., Imp. Bur. Pastures and Forage Crops, Penglais, Aberystwyth, 
Wales. Physiology of growth. 

Williams, Robert H., Univ. of Miami, Coral Gables, Fla. Physiology of the brown algae; 
teaching plant physiology. 

Williams, W. O., Assoc. in Expt. Sta., Div. of Viticulture, Univ. of Calif., Davis, Calif. 
Carbohydrate and nitrogen relations. 

Wilson, Charles Christopher, Instructor, Univ. of Georgia (on leave to Army), 12th Alti- 
tude Training Unit, C.A.A.B., Columbia, 8. C. Stomatal movement; photosynthesis. 

Wilson, Coyt, Asst. Plant Pathologist, Alabama Polytechnie Institute, Auburn, Ala. 
Physiology of fungi; growth substance. 
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H. K., Prof. of Agronomy and Agronomist, Univ. of Minnesota, University Farm, 

Paul 8, Minn. physiology ; weed control. 

Wilson, J t, Ohio Agric. Expt. Sta., Wooster, Ohio. Environmental 
factors and plant disease ; influence of spray materials on transpiration; evaporation 
and soil moisture. 

bape Lloyd G., 424 Wood St., Muskegon, Mich. Chemical methods in physiological 


Winifred, Sister Mary , R.S.M., Our Lady of Cincinnati College, 2220 Victory Parkway, 
Cincinnati 6, Onis’ Botany ; plant physiology ; geotropism. 

Winkler, Albert pe Prof. Viticulture, Univ. of Calif. Davis, Calif. Viticulture; carbo- 
hydrate nutrition; elimatic influences. 

Wischhusen, John F., Manganese Research and Development Foundation, 15031 Shore 
Acres Drive, Cleveland 10, Ohio. Manganese and other minor elements in plant 
nutrition 

Withrow, Alice P., Research, Dept. of Hort., Purdue Univ., West Lafayette, Ind. Photo- 


peri 
Withrow, Robert B., Research Assoc. Hort., Purdue Univ., West Lafayette, Ind. Photo- 
riodism ; inorganic nutrition. 

Wittwer, Sylvan H., Instructor in Horticulture, Univ. of Missouri, Columbia, Missouri. 
Physiology of reproduction ; plant growth hormones. 

Wolfe, H. 8., Head, Dept. of Hort., College of Agric., Univ. of Fla., Gainesville, Fla. 
Tropical horticulture. 

Working, Earl B., Dept. of Chemistry, Stanford University, Calif. 

Worley, Clair L., P.O. Box 83, Hiram, Ohio. 

Wright, Kenneth E., Asst. Prof. Botany, R. I. State College, Kingston, R. I. Mineral 
nutrition. 

Wynd, F. Lyle, Asst. Prof. Botany, Univ. of Ill., Urbana, Ill. Vitamins; proteins; soil. 


Yacknowitz, Samuel B., 2778 Claflin Ave., New York 63, N. Y. 

Yarwood, C. E., Asst. Prof. and Asst. Plant Pathologist, Univ. of Calif., Berkeley 7, 
Calif. Physiology of parasitized leaves. 

Yoeum, L. Edwin, Assoc. Prof. of Botany, George Washington Univ., Washington, D. C. 
Transpiration and water relations. 

Young, J. O., Coordinator of Agricultural Research, Libby, McNeill and Libby, 131 West 
7th St., Chieago, Til. Vegetable crops. 


Zimmerly, H. H., Director, Virginia Truck Expt. Sta., Norfolk, Va. Mineral nutrition; 
effect of pH on plants. 

Zscheile, F. P., Assoc. Prof., Dept. of Botany, University of Chicago, Chicago 37, Ill. 
Plant pigments; photosynthesis; spectroscopy of biological compounds. 
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Alabama 
Auburn 


Sommer, Anna L. 

Wilson, Coyt 
Birmingham 

L. Joe Berry 
Jacksonville 
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Finch, Alton H. 
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Keswick, Z. I. 
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Yuma 


Van Horn, Clifton W. 


Arkansas 
Conway 


Spessard, E. A. 
Fayetteville 
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Cosper, Lloyd C, 
Berkeley 
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Bean, Ross 8S. 
Bennett, James P. 
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Mackinney, Gordon 
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Hobbs, C. H. 
Machlis, Leonard 
Traub, H. P. 
San Francisco 
Caldis, P. D. 
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Kozlowski, C. F. 
Pratt, Robertson 
Santa Barbara 
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Shantz, H. L. 
Stanford University 
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Skirm, G. W. 
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